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Dietary heterogeneity in Hispanics/Latinos has been inadequately evaluated by cultural 
heritage. Additionally, generalizability of previous diet findings related to years living in the US 
is largely limited to Mexican and Puerto Rican heritage groups. Lastly, associations between diet 
and insulin resistance and type 2 diabetes (T2D), both of which disproportionally affect US 
Hispanics/Latinos, have been understudied. 
Two, 24-hr recalls from adult Hispanics/Latinos in the Hispanic Community Health 
Survey/Study of Latinos (n=14,099) and the 2012 Encuesta Nacional de Salud y Nutrición 
(n=300) were used for polychoric (Aims 1 and 3) and tetrachoric (Aim 2) principal factor 
analyses performed, separately, in each heritage group (Cuban, Dominican, Mexican, Puerto 
Rican, Central American, South American; Aims 1 and 3) and Mexican-origin Hispanics/Latinos 
in the US and Mexico (Aim 2). DPs were identified and their associations with the Alternative 
Healthy Eating Index 2010 (a diet quality index), years living in the US, change in fasting insulin 
levels, and T2D risk were tested using multivariate regression models.  
In general, 5 overarching DPs (Western, Traditional, Fish, Egg & Cheese, and Alcohol) 
were identified. While most Western DPs were significantly and inversely associated with 
AHEI-2010, most Fish DPs were significantly and positively associated with this index (Aims 1 
and 3). Additionally, fewer years living in the US was associated with higher scores for 
Traditional DPs in Cubans and Mexicans and lower scores on Western DPs in Cubans, 
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Mexicans, and Puerto Ricans. In Aim 2, derived DPs between Mexican-origin Hispanics/Latinos 
showed variation in dietary composition between Mexican-origin groups in the US and Mexico. 
In Aim 3, the Western and Traditional DPs were found associated with unfavorable change in 
insulin levels among Cuban, Dominican, and Mexican (Western only) and incident T2D in 
Puerto Ricans (Western only) and Central Americans (Traditional only). 
Substantial variation in DPs and DP adherence by years living in the US across 
Hispanics/Latinos heritage were found. A Western DP and Traditional DP were also found 
adversely associated with change in fasting insulin levels and incident T2D. The findings could 
help inform dietary interventions targeting this heterogenous US population. 
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CHAPTER 1: INTRODUCTION 
 
Background 
In the US, Hispanics/Latinos of Mexican origin have higher total, diagnosed, and 
undiagnosed type 2 diabetes (T2D) compared to non-Hispanic whites1,2. Meanwhile, T2D is 
similarly high (9%)3 and is the leading cause of death in Mexico4, the country of origin for the 
majority of the US Hispanic/Latino population (i.e. Hispanics/Latinos of Mexican origin)5. The 
literature has extensively documented links between T2D and a variety of cardiometabolic 
disturbances and diseases, all of which cause substantial psychological and physical distress to 
patients and caregivers, premature mortality, and economic burden to healthcare systems such as 
those in the US and Mexico4,6,7.  
T2D and other health-related data from US Hispanics/Latinos tends to be specific to 
Mexican-origin Hispanics/Latinos, but US Hispanics/Latinos comprise a diverse population rich 
in social, cultural, and genetic heterogeneity8-10. For instance, the dietary profiles and T2D 
prevalence have been shown to differ by Hispanic/Latino heritage (based on cultural origins)9,11. 
Indeed, when Hispanics/Latinos are collapsed into a single group, differences in T2D prevalence 
and estimates reflecting other health-related factors are masked, limiting our understanding of 
health determinants and health disparities in this diverse population. In fact, the Endocrine 
Society’s Scientific Statement on Health Disparities in Endocrine Disorders has underscored this 
limitation of the literature in Hispanics/Latinos by proclaiming that “a major gap in our current 
understanding of race/ethnic disparities in endocrine disorders is a failure of most studies to 
 2 
specify Hispanic American...subgroups”9,12. Most concerning is that T2D and T2D-related 
conditions are expected to worsen in Hispanics/Latinos living in the US9 and Mexico4,13,14; and 
with 1 out of 3 US residents expected to be Hispanic/Latino by 205015, research focusing on 
identifying culturally relevant and effective interventions to reduce T2D risk in this US diverse 
population is critical. 
Research Aims 
This dissertation focused on characterizing and comparing a posteriori DPs derived 
separately in different Hispanic/Latino heritage groups, evaluating healthiness of derived DPs 
and their relationships with years living in the US, examining whether living in one’s country of 
origin makes a difference to DPs (using Mexico as an example), and, finally, assessing whether a 
posteriori DPs in each heritage group prospectively predicts 6-yr change in fasting insulin (a 
marker of insulin resistance) and T2D risk. The following dissertation aims echo these 
objectives:  
A1: Characterize and compare a posteriori DPs derived separately in several heritage groups 
(Cuban, Dominican, Mexican, Puerto Rican, Central American, and South American) to better 
understand dietary heterogeneity across different Hispanics/Latinos; and examine associations 
between DPs and a measure of diet quality to assess the “healthiness” of each DP  
H1: DPs and their healthiness will differ across heritage groups, reflecting differences in the 
overall dietary structures and diet quality by heritage. 
A1A: Evaluate relationships between a posteriori DPs and years living in the US (<10 
years, >10 years, US-born) 
H1A: Adherence to characteristically traditional DPs will be inversely related to years 
living in the US. 
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A2: Characterize and compare a posteriori DPs derived separately in Mexican-origin 
Hispanics/Latinos living in the US and Mexico to evaluate the extent to which diets in Mexico 
resemble those in the US among Mexican-origin Hispanics/Latinos  
H2: A posteriori DPs will be similar between Mexican-origin Hispanics/Latinos in the US and 
Mexico. 
A3: Evaluate associations between a posteriori DPs derived separately among heritage groups 
defined in Aim 1 without T2D at baseline and 6-year change in fasting insulin (improved, 
unchanged, worsened) and T2D risk 
H3: Baseline a posteriori DPs will predict 6-year change in fasting insulin and incident T2D in 
different Hispanic/Latino heritage groups.  
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CHAPTER 2: LITERATURE REVIEW 
 
Type 2 Diabetes among Hispanics/Latinos in the US and Mexico  
In the US, Mexican-origin Hispanics/Latinos have higher total, diagnosed, and 
undiagnosed T2D compared to non-Hispanic whites1,2. Meanwhile, T2D is similarly high (9%)3 
and is the leading cause of death in Mexico,4 the country of origin for the majority of the US 
Hispanic/Latino population (i.e. Mexican-origin Hispanics/Latinos)5. The literature has 
extensively documented links between T2D and a variety of cardiometabolic disturbances and 
diseases, all of which cause substantial psychological and physical distress to patients and 
caregivers, premature mortality, and economic burden to healthcare systems such as those in the 
US and Mexico4,6,7. Most concerning is that T2D and T2D-related conditions are expected to 
worsen in Hispanic/Latino living in the US9 and Mexico4,13,14. With 1 out of 3 US residents 
expected to be Hispanic/Latino by 2050,15 research focusing on finding culturally relevant and 
effective interventions to reduce T2D risk in this US diverse population is critical.  
Dietary pattern analysis: considerations and public health relevance  
Over the last two decades, interest in dietary pattern analysis versus single-component 
(e.g. nutrients/foods) analysis has increased. Practical reasons for this shift include the difficulty 
of disentangling health effects of interrelated and collinear dietary components, unrealistic intake 
of foods/nutrients in isolation, synergistic/antagonistic health effects deriving from the many 
theorized food-food, nutrient-nutrient, and food-nutrient interactions occurring in the overall 
diet, and, potential confounding by DPs (e.g. food/nutrient of interest may cluster within 
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“healthy/unhealthy” DPs)16-21. From a public health perspective, it may be admittedly easier to 
increase or decrease the intake of single dietary components versus adopting and adhering to an 
entirely different diet, but this approach may be deleterious to health. For example, dietary 
recommendations based on single-component analysis may not account for existing yet unknown 
interactions with other parts of the diet meaningful to health. Therefore, recommendations based 
on such analyses may lead to erroneous conclusions in which important associations may be 
missed or others exaggerated when there are none22. 
A posteriori and a priori dietary patterns 
In nutritional epidemiology, a posteriori (data-driven) and a priori (theory-driven) are 
two general approaches used to derive DPs23. A posteriori DPs are based on the dietary intake 
data at hand while a priori DPs are constructed using pre-defined criteria typically based in other 
study populations24-26. In contrast to a priori approaches, a posteriori methods analyze the total 
(principal component analysis (PCA)) or shared (principal factor analysis (PFA)) variance of 
data to empirically derive latent factors that best represent DPs and reflect actual eating patterns 
in the study population27,28. A priori approaches may, therefore, not adequately evaluate and 
characterize commonly consumed foods eaten together in the overall diets among 
Hispanics/Latinos. A posteriori approaches using PFA highlight which foods tend to “hang 
together”, or consumed together, in the overall diet by analyze the shared variance among foods. 
Additionally, PFA allows for the uncovering of underlying DPs that would otherwise be missed 
using a priori approaches. A posteriori approaches have been heavily criticized for being 
sample-specific and, therefore, making comparisons across studies difficult29. Despite different 
samples and input variables, however, studies using PFA have shown consistent findings in key 
foods characterizing DPs in diverse populations, which indicates reproducibility19,30,31.  
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A posteriori dietary patterns: public health relevance and previous work 
Although a priori DPs have been shown to lower T2D risk,25 the public health 
implications of these findings may hinge on their social acceptability and cultural relevance 
among high-risk populations for whom these DPs may be most beneficial. A posteriori DPs have 
also been shown to influence T2D risk32 and other health outcomes such as inflammation and 
metabolic syndrome33-37. Among US Hispanics/Latinos, research focusing on a posteriori DPs is 
scarce, has primarily been cross-sectional and mostly specific to Mexican-Americans and Puerto 
Ricans38-40. There is still a clear research need for understanding DPs in other heritage groups. In 
Mexico, a posteriori DPs have been derived among those employed, but individuals who are 
able to work tend to be healthier than the general population (i.e. healthy worker effect)41 and, 
therefore, DPs from these studies may not truly reflect those in the Mexican urban population42-
44. Lastly, there is major research gap among Hispanics/Latinos prospectively evaluating 
relationships between diet, insulin resistance (IR), and development of T2D,45,46 a debilitating 
disease which disproportionately affects this US population9. Relatedly, the typical Western diet 
tends to promote insulin resistance not fully explained by obesity status47, but whether dietary 
effects extend beyond body adiposity has yet to be explored in different Hispanic/Latino heritage 
groups. Ultimately, identifying culturally relevant and socially acceptable anti-diabetogenic diets 
would inform current dietary recommendations and improve dietary adherence for T2D 
prevention in this high-risk US population. 
The role of years living in the US and diet in Hispanics/Latinos 
Another layer of complexity in understanding the T2D burden among Hispanics/Latinos 
is exposure to the US environment, including those that may not have been necessarily 
experienced in the home country (e.g. food environment, food insecurity, weaker social 
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networks, etc.). Undoubtedly, these exposures contribute to stress, which increases the reward 
value of highly palatable foods and, as a result, may lead to the purchasing of convenient, 
inexpensive, and energy-dense foods, which, in turn, increase risk for the development of 
obesity, T2D, and cardiovascular disease (CVD)48. Several reviews on diet in Hispanics/Latinos 
(mostly Mexican-origin) have indicated “unhealthy” dietary shifts with greater years living in the 
US49-51, a proxy for acculturation, which is a complex and dynamic process by which individuals 
adapt to new living environments and potentially adopt the norms, values, and practices of their 
new host country52. In general, studies have shown greater dietary intakes of dietary components 
found to be adversely associated with health (e.g. sugar-sweetened beverages, refined 
carbohydrates) and reduction of foods/nutrients found to be favorably associated with health (e.g. 
lower intakes of fruits and vegetables and legumes). These findings, however, do not account for 
other parts of the diet (e.g. substituting certain foods for others), limiting conclusions about the 
health implications of these results. For instance, a study in Costa Rican adults showed that 
substituting one serving of beans for one serving of white rice was associated with a 35% lower 
risk of the metabolic syndrome.53 Another major limitation is the inconsistent use of an 
acculturation definition (e.g. preferred language, acculturation scale, birthplace, US generation, 
etc). While studies focusing on one measure of acculturation have found inconsistent 
associations with food/nutrients, studies using a combination of length of time in the US and 
birthplace (foreign-born/US-born) have generally found consistent findings49. This makes sense 
because birthplace is directly linked to policies like health insurance, nutrition assistance 
programs (e.g. supplemental nutrition assistance program), ability to drive and work, and 
others50,54.  And, these privileges can directly and indirectly (e.g. stress) influence diet. There is 
also evidence that intakes of “staple”/traditional food groups like the corn tortilla decreases while 
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coffee (with milk), likely influenced by the coffee culture in the US, increases with greater years 
living in the US55. Although evaluating nativity as a modifier provides a policy intervention 
point for increasing health benefits among the foreign-born, understanding how living in the US 
environment may influence dietary adherence among Hispanic/Latino can help inform other 




CHAPTER 3: A POSTERIORI DIETARY PATTERNS AND YEARS LIVING IN THE US 
BY HERITAGE AMONG HISPANICS/LATINOS OF DIVERSE ORIGIN 
 
Background 
In the US, almost 20% of individuals are Hispanic/Latino56,57. The term 
“Hispanic/Latino” encompasses over 20 nationalities with substantial social, cultural, behavioral, 
geographic, and genetic heterogeneity8,9,58. Hispanics/Latinos constitute the largest US ethnic 
minority56 and the population as a whole is projected to double by 206059. Compared to non-
Hispanic whites, Hispanics/Latinos are disproportionately affected by cardiometabolic 
conditions such as obesity and diabetes, both of which are projected to increase in prevalence in 
this population over time1,60.  Among US Hispanics/Latinos, obesity and T2D disparities have 
also been documented by heritage (based on national origin)61,62. For instance, Hispanics/Latinos 
of Mexican and Puerto Rican heritage had the highest diabetes prevalence (both 18%), while 
those of South American heritage held the lowest (10%)61. Given population growth and burden 
of disease projections in US Hispanics/Latinos, identifying effective strategies tailored to 
different groups in this diverse US population to help prevent cardiometabolic disease is crucial. 
Diet is strongly linked to health but has been shown to vary across the US 
Hispanic/Latino population. For instance, dietary differences at the component level 
(foods/nutrients) by heritage have been documented11,63 in Hispanics/Latinos, but, unlike dietary 
patterns (DPs), these do not accurately reflect real dietary behaviors wherein foods are consumed 
together16. Other studies have used a priori, or predefined, dietary patterns based in other 
populations26,64, but these do not necessarily capture commonly consumed and 
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culturally-relevant foods, possibly missing important and health-relevant dietary aspects related 
to heritage. A posteriori (data driven) approaches such as exploratory factor analysis empirically 
derive DPs typically using foods specific to the population under study65. A posteriori findings 
from the few studies using FA in Hispanics/Latinos have been specific to those of Puerto Rican 
heritage66 and, therefore, may not generalize to other heritage groups. Additionally, no study has 
compared a posteriori DPs across heritage, which could provide insights about differences in 
dietary behaviors and diet compositions across this diverse population.  
Immigrants from Latin America and the Caribbean comprise 50% of the foreign-born 
population living in the US67. Hispanics/Latinos are also the second-largest immigrant group 
(34%)67 in the US, carrying with them dietary preferences and behaviors developed in the 
country of origin. Over time, however, these dietary practices may be replaced with those of the 
host country49,68. For instance, as foreign-born Hispanics/Latinos spend more time living in the 
US, studies suggest they undergo an acculturation process in which they lose health protective 
aspects of their culture and adopt those of the US such as the “American” or “Western” diet 
(dietary acculturation) and other obesogenic behaviors57,69,70. Indeed, greater time living in the 
US has generally been associated with higher intakes of obesogenic dietary components (e.g. fast 
food, snacks, added fats) and lower intakes of those characteristically traditional or healthy (e.g. 
corn tortillas, fiber, b-carotene)49,55,57,71-73. The few studies evaluating a posteriori findings by 
years living in the US have been specific to Hispanics/Latinos of Mexican74 and Puerto Rican75 
heritage and generally show greater years in the US associated with lower adherence to a 
characteristically traditional DP and higher adherence to a characteristically obesogenic DP. 
Determining whether patterning is similar in other heritage groups warrants evaluation.  
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This study fills important gaps in the literature by addressing the following objectives: 1) 
evaluate and compare heritage-specific diets across 6 major heritage groups (Cuban, Dominican, 
Mexican, Puerto Rican, Central-American, and South-American); 2) assess whether heritage-
specific diets correlate with “healthfulness”, as measured by the Alternative Healthy Eating 
Index (AHEI); and 3) examine diet differences by years living in the US in each heritage group.  
Methods 
The Hispanic Community Health Survey/Study of Latinos (HCHS/SOL) is a population-
based, multi-site cohort study of 16,415 Hispanic/Latino adults from randomly selected 
households in four US field sites (Bronx, NY; Chicago, IL; Miami, FL; and San Diego, CA) with 
baseline examinations (2008-2011) and annual telephone follow-up assessments76. Recruitment 
included a stratified 2-stage probability representative sample of households at each center site77. 
Individuals from selected households were contacted and screened for eligibility (living in the 
household, aged 18-74 y, ability to attend a clinic visit for baseline data collection, and not 
planning to move from the study area within 6 months). Of the 16,415, we excluded participants 
who did not self-identify as a member of one of the 6 major heritage groups (Cuban, Dominican, 
Mexican, Puerto Rican, Central-American, and South-American) in HCHS/SOL (n=650) or had 
missing data on heritage (n=87). Additionally, we excluded participants if they had any missing 
or only one dietary recall (n=85 and n=762, respectively), had any recalls with implausible 
energy intakes (< 1st or > 99th sex-specific HCHS/SOL percentiles) or recalls deemed unreliable 
by the interviewer26 (n=681), or had missing data on education (n=14) and years living in the US 
(n=37). Figure 3.1 displays a flow chart of HCHS/SOL study participants for overall and 
heritage-specific analytic samples. This study was approved by the institutional review boards of 
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the National Heart, Lung, and Blood Institute and each field site. All participants provided 
written consent. This trial was registered at clinicaltrials.gov as NCT02060344. 
Questionnaires were interviewer-administered in either Spanish or English. 
Hispanic/Latino heritage was self-reported from a list of cultural origin/descendent groups, 
including Cuban, Dominican, Mexican, Puerto Rican, Central American, South American, more 
than one heritage, and other. Other self-reported data collected included age at time of 
examination (years), sex (male/female), highest education achieved (< high school diploma (HS), 
HS or equivalent, or > HS), lived years in the US (years), and place of birth/nativity (US-born 
(includes 50 states and DC) or foreign-born)78. For this analysis, we combined nativity and years 
living in the US to form a more nuanced variable representing time in the US: (<10 years, ³10 
years, and US-born)49. 
Two, non-consecutive 24HR recalls were administered in-person at baseline (1st 
interview) and via telephone £ 30 days from baseline (2nd interview) in the participant’s 
preferred language (English or Spanish) by trained interviewers using the Nutrition Data System 
for Research (NDS-R) software (version 11), which includes the multiple-pass method79. The 
NDS-R database includes thousands of common foods, brand-name products, and 
Hispanic/Latino foods and provides values for nutrients, food-group serving counts, and other 
food components. At the baseline interview, a food-amounts booklet was provided to each 
participant for estimating portion sizes during the subsequent telephone interview.  
We formed 35 food groups based on nutritional, cultural, and behavioral relevance, 
previous work (e.g. corn-based foods, burgers, meat and vegetable stews)40,57,74, and 
consumption patterns in the data (Table 3.1). We grouped ingredients (e.g. corn tortilla, beef, 
onion) constituting a recipe (e.g. taco) and same-named non-recipe foods to reflect real eating 
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behaviors by which foods are consumed together. To maintain consistent food group assignment 
across heritage, recipes with overlapping food groups (e.g. rice and beans) were not 
disaggregated. Instead, we assigned these recipes the food group of the predominant recipe 
ingredient (> 50% total g). Because mixed dishes were not disaggregated, we certainly 
misclassified recipe ingredients/foods into food groups in which they do not belong (e.g. cereal 
and milk). Because we were interested in real behavioral over nutrient value in the formation of 
the food groups, however, this misclassification meets our research objectives. For remaining 
non-recipe whole foods (e.g. chocolate), we initially applied the UNC food grouping system, 
which, unlike NDS-R Nutrition Coordinating Center’s food groups, disaggregates the major US 
Department of Agriculture’s food groups by fat and fiber80. Due to low consumption of several 
foods across heritage groups, however, we aggregated low- and high-nutrient specific food 
groups (e.g. high- and low-fat milk into milk). Additionally, we separated fried from non-fried 
foods (e.g. fried vs grilled chicken) across food groups except for corn-based foods which 
traditionally include fried/grilled corn tortillas. Lastly, dietary intakes (gram/day)81,82 of each 
food group were first summed in their respective 24-hr recall and then averaged across recalls for 
each participant.  
Episodically consumed foods are typically not well captured by 24-hr recalls, resulting in 
high proportions of nonconsumers and skewed distributions for some food groups. To address 
this, we used the intakes of each food group in the overall sample to generate a three-level 
ordinal intake categorical variable for each food group (non-consumers, below and above the 
median). Finally, food groups with consumption < 5% in at least one heritage group were either 
merged with another food group or dropped from analysis (see Table 3.1)83,84.  
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To assess “healthfulness” of a posteriori heritage-specific DPs, we used AHEI-2010, a 
diet quality index comprising the following 11 dietary components: 1) vegetables without 
potatoes; 2) whole fruit; 3) whole grains; 4) sugar sweetened beverages and fruit juice; 5) nuts 
and legumes; 6) red/processed meats; 7) trans fats; 8) long-chain (n-3) fats (EPA+DHA); 9) 
polyunsaturated fatty acids (PUFA); 10) sodium; and 11) alcohol. The AHEI has been linked to 
cardiometabolic disease risk85-87. To construct the AHEI-2010, four steps64 were followed: 1) at 
the 24-hr recall level, each component was generated by summing the corresponding NDS-R 
food subgroups85; 2) predicted usual intakes for each component were created using the National 
Cancer Institute method, which considers within- and between-person variation in each 
component and accounts for the high intraindividual variation innate in 24HR recalls88; 3) scores 
for each component were generated ranging from 0 (worst) to 10 (best); and then 4) summed 
with a range from 0 to 110, with higher scores indicating diet “healthfulness”.  
We performed all analyses in Stata version 14.2 (Stata Corp, College Station, Texas). To 
test whether the 34 ordinal food group variables had too little in common to warrant factor 
analysis, we evaluated Kaiser-Meyer-Olkin (KMO) indices and Barlett’s tests for sphericity 
separately in each heritage group28 and found acceptable results in all groups (all KMOs >0.50 
and Barlett’s tests p<0.001). Thus, we proceeded with exploratory factor analysis to empirically 
derive DPs separately in each heritage group19. We first used the 34 ordinal food group variables 
to generate six heritage-specific matrixes of polychoric correlations89. We then performed 
principal factor analysis (PFA) on the correlation matrices of each heritage group to identify the 
smallest number of unique factors that best account for the common variance across food 
groups19,28. Because PFA only analyzes the common variance across food group input variables, 
it best suited our research objectives to understand which foods are “consumed together/hang 
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together”; in comparison to principal component analysis (PCA), which analyzes the total 
variance and is not typically used to identify underlying latent variables (e.g. DPs)90. 
To guide factor retention in each heritage group, we used a modified Delphi approach, a 
widely used method that solicits the opinions of experts through a series of carefully designed 
questionnaires interspersed with information and opinion feedback in order to establish a 
convergence of opinion91. Three independent investigators with experience involving exploratory 
factor analysis independently evaluated factors in each heritage group based on heritage-specific 
scree plots (see Supplemental Figure 3.1), factor loadings, variance explained by each factor, 
interpretability of factors, and consistency with the extant literature19,29,92. Investigators then met 
to compare, discuss, and reconcile differences related to independent conclusions about the final 
number of factors retained in each heritage group. Despite high uniqueness in some food groups 
in some heritage groups, all food groups were included for consistency92,93. To improve the 
interpretability and minimize correlations among derived heritage-specific factors, we used 
orthogonal (varimax) rotation28. We initially identified heritage-specific DPs based on food 
groups with the largest positive and negative factor loadings (>0.20)19,94-96. To identify 
commonality among heritage-specific DPs, we identified overarching DPs based on similarly 
high loadings for the same food groups in two or more heritage groups. We then generated DP 
scores for everyone by multiplying the scoring coefficient of each food group by the individual’s 
corresponding food group intake category (non-consumer, below or above the median) and 
summing across food groups. Finally, we divided DP scores into quintiles and evaluated mean 
AHEI-2010 scores at each DP quintile to evaluate “healthfulness” and further characterize 
overarching DPs19,94. 
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Except for PFA, all statistical analyses accounted for complex survey design using survey 
procedures in Stata version 14.2. We tested differences in baseline sociodemographics by 
heritage group using t-test for continuous variables and Pearson chi-square test for categorical 
variables. To assess whether DPs correlate with a measure of diet “healthfulness”, we separately 
performed multivariate linear regressions in each heritage group to test mean differences in 
AHEI-2010 scores by quintiles of each heritage-specific DP, adjusting for age, sex, education, 
and other heritage-specific DPs (quintiles). We also assess linear relationships between DPs and 
AHEI-2010 by using the midpoint of each quintile as a continuous measure. Lastly, to examine 
associations between heritage-specific diets and years living in the US, we separately conducted 
multivariate linear regressions in each heritage group to test mean differences in heritage-specific 
DP scores by categories of years living in the US in each heritage group, adjusting for age, sex, 
and education. We also tested linear trends between heritage-specific DPs and years living in the 
US in each heritage group by using the midpoint of each heritage-specific category of years 
living in the US as a continuous measure. We adjusted statistical significance for multiple 
pairwise comparisons with a Bonferroni correction. We considered P < 0.01 significant for all 
analyses. 
Results 
Table 3.2 displays demographic characteristics by heritage. Overall, Hispanics/Latinos of 
Mexican heritage were the largest group (41.7%), followed by Puerto Rican (16.6%), Cuban 
(15.2%), Central-American (11%), Dominican (8.4%), and South-American (7%). On average, 
Mexicans were the youngest (38.6 y) and Cubans were the oldest (46.8 y). Regardless of 
heritage, most HCHS/SOL participants were foreign-born. Among the foreign-born, most had 
reported living in the US more than 10 years in all groups except Cubans (50.3%). Regarding 
 17 
education, most reported having achieved at most a high school or equivalent education in all 
groups except South Americans (48.1%). Finally, mean AHEI-2010 (scores) were the highest 
among Mexicans (48.6) and lowest in Puerto Ricans (41.8). 
Table 3.3 shows derived heritage-specific factors and factor loadings by overarching DPs 
based on shared high loadings on the same foods in two or more heritage groups. The number of 
derived factors in each heritage group ranged from three to five for a total of twenty-one 
heritage-specific factors. The variance explained by heritage-specific factors ranged from a low 
0.06 in Central-Americans to a high 0.28 in Mexicans. The first factor, which accounts for the 
largest portion of variation in PFA, derived in all heritage groups was characterized by the 
highest positive loadings on burgers, fries, and soft drinks. We classified these heritage-specific 
factors under an overarching “Western” DP, which was the only common DP including findings 
from all heritage groups.  
After this first common DP, DPs became more heritage-specific showing fewer shared 
food groups with high loadings among two or more heritage groups. For instance, all heritage 
groups, except South American, shared largest loadings on white rice, beans, and red meats (pork 
or beef). We classified these heritage-specific factors under a “Traditional” DP. We identified 
three additional overarching DPs, including an overarching “Fish” DP showing high loadings on 
fish shared by Cubans, Dominicans, Mexicans, and South Americans; an overarching “Egg & 
Cheese” DP showing high loadings on eggs and cheese shared by Dominicans, Puerto Ricans, 
and Central Americans; and an overarching “Alcohol” DP showing high loadings on alcohol 
shared by Dominicans, Central Americans, and South Americans.  
Although overarching DPs were based on at least one food group showing high loadings 
shared by two or more heritage groups, some heritage groups additionally shared several other 
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food groups within these overarching DPs. For example, among “Western” DPs, Dominicans, 
Mexicans, Puerto Ricans, and Central Americans additionally shared high positive loadings on 
pizza and sandwiches and rolls and large negative loadings on fruit. In addition to these foods, 
Puerto Ricans and Central Americans shared large negative loadings on nonstarchy vegetables, 
salads, fish, and whole grains. Among “Traditional” DPs, all groups except Dominicans 
additionally shared high positive loadings on beef. Furthermore, Cubans, Dominicans, and 
Central Americans additionally shared large positive loadings for meat & vegetable stews, while 
Dominicans, Mexicans, and Puerto Ricans additionally shared high positive loadings on poultry. 
Cuban, Mexican, and South American “Fish” DPs additionally shared high positive loadings 
only for whole grains. While Mexicans and South Americans for this same overarching DP 
shared, in addition to whole grains, high positive loadings on cereal and fruit and negative 
loadings on soft drinks, Mexicans and Cubans also shared similar findings for salads and poultry 
(both positive) and meat and vegetable stews (negative). Lastly, while “Egg & Cheese” DPs in 
Dominicans and Puerto Ricans additionally shared high positive loadings for starchy vegetables 
and processed meats, “Alcohol” DPs in Central and South Americans shared high positive 
loadings for coffee/tea.   
Figure 3.2 displays mean AHEI-2010 scores (95% confidence intervals) for each quintile 
(Q) of each heritage-specific DP from models estimating significant mean AHEI-2010 score 
differences comparing higher-to-lowest quintiles (Q2-Q5 versus Q1) adjusting for age, sex, 
education, and other heritage-specific DPs (all Bonferroni-corrected pairwise comparisons P < 
0.01; all Ptrend < 0.001). Higher scores (Q2-Q5) on all “Western” DPs across heritage were 
consistently (all Q2-Q5) and significantly associated with lower mean AHEI-2010 scores. In 
contrast, higher scores on all, except Dominican, “Fish” DPs (Cubans, Q2-Q5; Dominicans, Q4-
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Q5; Mexicans, Q5; and South Americans, Q3-Q5) were significantly associated with greater 
mean AHEI-2010 scores. Among the remaining overarching DPs, findings were mixed and 
showed significant associations only for Cuban, Central American, and Mexican “Traditional” 
DPs, Puerto Rican “Egg & Cheese” DP and Dominican “Alcohol” DP. While “Traditional” DPs 
in Cubans (Q3-Q5) and Central Americans (Q5) were inversely associated with AHEI-2010, 
findings for this same overarching DP in Mexicans showed the opposite (Q3-Q5). Lastly, only 
the Puerto Rican “Egg & Cheese” (Q2-Q5) and Dominican “Alcohol” (Q3-Q5) DPs were 
significantly associated with higher and lower AHEI-2010 scores, respectively.  
Figure 3.3 presents significant mean heritage-specific dietary pattern score differences 
(95% confidence intervals) by lived years in the US (< 10 years and ³ 10 years versus US-born) 
adjusting for age, sex, and education (all Bonferroni-corrected pairwise comparisons P < 0.01). 
Fewer years living in the US was consistently and significantly associated with lower mean 
scores for the “Western” DPs only in Cubans, Mexicans, Puerto Ricans (all Ptrend < 0.001), and 
Dominicans (Ptrend = 0.036). Findings for “Fish” and “Egg & Cheese” DPs were significant only 
in Mexicans (only <10 years) and Puerto Ricans, respectively, and showed similar patterning 
(both Ptrend = 0.001). In contrast, fewer years living in the US was significantly associated with 
higher mean scores for the “Traditional” DPs only among Cubans (Ptrend < 0.001) and Mexicans 
(Ptrend = 0.021). Findings for “Alcohol” DPs were nonsignificant. Lastly, null findings for 
“Western”, “Fish”, and “Traditional” DPs, on average, tracked similarly, while remaining “Egg 
& Cheese” DPs in Dominicans and Central Americans showed opposite findings. 
Discussion 
Using data from the largest population-based cohort of US Hispanics/Latinos of diverse 
origin aged 18-76 years, this study identified a total of 21 a posteriori heritage-specific DPs 
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separately and empirically derived in six major Hispanic/Latino heritage groups using principal 
factor analysis. Based on higher intakes of foods shared by two or more heritage groups, we first 
identified the following 5 overarching, DPs and foods for which characterized these DPs: 
“Western” (burgers, fries, and soft drinks); “Traditional” (white rice, beans, and red meats (pork 
or beef)); “Fish” (fish); “Egg & Cheese” (eggs and cheese); and “Alcohol” (alcohol). The 
“Western” DP was the most salient DP in each heritage group and shared by all groups. 
Subsequently derived DPs were more heritage-specific, shared by fewer groups, and generally 
showed higher intakes of traditional versus non-traditional foods. Secondly, “Western” and 
“Fish” DPs were all significantly associated with lower and higher “healthfulness” (as measured 
by AHEI-2010), respectively. Findings for “Traditional”, “Egg & Cheese”, and “Alcohol” DPs 
were mixed. Lastly, greater time in the US was significantly associated with higher adherence to 
the following DPs: “Western” only in Cubans, Dominicans, Mexicans, and Puerto Ricans; “Fish” 
only in Mexicans; and “Egg & Cheese” only in Puerto Ricans. Conversely, greater time in the 
US was significantly associated with lower adherence to a “Traditional” DP only in Cubans and 
Mexicans. Findings for “Alcohol” DPs were null.  
Our findings were fairly consistent with a posteriori DPs previously derived using factor 
analysis among Hispanics/Latinos of Puerto Rican and Mexican heritage. A study using food 
frequency questionnaires (FFQs) from the Boston Puerto Rican Health Study, a cohort of Puerto 
Ricans aged 45-75 years living in Boston, MA, derived and identified three a posteriori DPs 
using PCA66. Findings for the first (meat, processed meat, and french fries) and second 
(Traditional) previously identified DPs showed similarly high loadings in the same direction on 
several foods characterizing the first (“Western”) and second (“Traditional”) DPs derived among 
Puerto Ricans in the present study. Foods with high loadings in the first and second derived DPs 
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were consistent across studies. These included: positive loadings on french fries, pizza, and 
alcohol and negative loadings on fruit, vegetables, and whole grains (first); and positive loadings 
on white rice and beans and negative loadings on fish and pizza (second). Another study also 
using PCA on FFQs from a nationally representative sample of Hispanics/Latinos of Mexican 
origin derived four a posteriori DPs, the first three of which were fairly consistent with those 
derived in the present study among Mexican-origin participants. Similar to the Mexican 
“Western”, “Fish”, and “Traditional” DPs in the present study, Sofianou and colleagues 
identified the following three DPs characterized by foods with the highest factor loadings: 
“Western” DP (fries, fried foods, pizza, and sweetened beverages); “Healthy” (vegetables of all 
types, poultry, fish, and others); and “Tomato/Tortilla” (tortilla, beans, eggs, and rice)74. Despite 
methodological differences in dietary assessment (24-hr recall versus FFQ), food group 
aggregation/disaggregation, factor analysis approach (PFA versus PCA), and “subjective” 
decisions about factor retention, a posteriori findings between studies were generally similar. 
These consistent findings suggest fair reproducibility of a posteriori DPs derived using factor 
analysis among Hispanics/Latinos of Puerto Rican heritage.  
Findings for AHEI-2010 were generally consistent with our expectations of diet 
“healthfulness” among DPs mostly consisting of either characteristically unhealthy or healthy 
foods. For example, all “Western” DPs were significantly and inversely associated with AHEI-
2010, while all “Fish” DPs were significantly and positively associated with this diet quality 
index. Relatedly, previous work in HCHS/SOL reported significant inverse relationships 
between AHEI-2010 and frequency of consumption of away-from-home foods from fast foods97, 
most of which showed the highest loadings on all heritage-specific “Western” DPs in the present 
study. These previous findings track our own related to heritage-specific “Western” DPs, whose 
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scores were the greatest among Hispanics/Latinos consuming from fast food restaurants ³ 5 
times/week versus less than once per week in their respective heritage group (data not shown). 
Meanwhile, “Traditional” DPs were inconsistently related to AHEI-2010, showing positive 
associations in Mexicans but the opposite in Cubans and Central Americans. Inconsistent 
findings for the same overarching DP may be attributed to differences by heritage in dietary 
composition and foods captured by AHEI-2010 across these DPs. For example, compared to the 
Mexican group, Cubans and Central Americans showed, on average, unfavorable loadings on the 
following AHEI dietary components: higher red and processed meats (beef and pork) and soft 
beverages (Central Americans only), lower whole grains (Central American only), and no 
loadings for vegetables without potatoes (i.e. nonstarchy vegetables). Additionally, white rice is 
the highest loading food, on average, in each heritage-specific “Traditional” DP but is not well 
captured by AHEI-2010, which could also explain these differences given Mexican-origin 
individuals had the lowest loading for this food compared to other groups.    
Our findings for time in the US were similar to those in previous work among 
Hispanics/Latinos of Mexican origin, whereas among Puerto Ricans, findings were inconsistent. 
For example, in Puerto Ricans, we detected significant and null associations for the “Western” 
DP and “Traditional” DP, respectively; meanwhile, Mattei and colleagues found the opposite for 
similar DPs75. These inconsistencies are likely due to age and nativity differences in Puerto 
Rican study populations. Compared to Puerto Rican-origin Hispanics/Latinos in our study, those 
in the Boston Puerto Rican Health Study were relatively older and mostly born in Puerto Rico 
(lacked mainland US-born comparison group)72, both of which have been shown to have varying 
implications for dietary adherence; older versus younger immigrants may more likely adhere to a 
characteristically more “Traditional” DP66. Data also suggest generally worser dietary profiles 
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among US- versus foreign-born Hispanics/Latinos49,57,98,99. Related to Hispanics/Latinos of 
Mexican origin, our findings corroborate previous work for single-food/nutrient analyses49,98 and 
characteristically similar DPs74 (only nativity). In the present study, however, no significant 
differences in “Western” and “Traditional” DP scores, however, were found by years living in 
the US comparing foreign-born categories only (>10 y, referent) in both Puerto Rican and 
Mexican heritage groups (data not shown). Together, these findings suggest nativity (alone or 
combined with years living in the US) may be a stronger predictor of dietary acculturation versus 
years living in the US alone, at least in Puerto Ricans and Mexicans.  
In general, greater years living in the US was associated with greater dietary acculturation 
and lower DP healthfulness, which have concerning health implications across 
Hispanics/Latinos. These shifts may reflect dietary acculturation, a complex and dynamic 
process by which immigrants adopt the food choices of the host country49. In general, dietary 
acculturation is linked to DPs and dietary behaviors shown to be detrimental to health70,100. 
Dietary acculturation typically involves the adoption of cultural practices of the host country, 
which likely results in the abandonment of cultural dietary choices and behaviors practiced in the 
country of origin. Although we found traditional DPs specific to heritage in the present study, 
greater time in the US generally corresponded to lower mean scores for these DPs and greater 
mean scores for a characteristically unhealthier “Western” DP. The overarching “Traditional” 
DP was linked favorably to AHEI-2010 only in the Mexican group, but this DP was also 
inversely linked to years living in the US in the same heritage group. Future work could consider 
identifying environmental influences related to time in the US that likely explain these dietary 
shifts observed among Hispanics/Latinos. Additionally, there may be other socioeconomic and 
psychosocial factors (e.g. income75, food insecurity, immigrant enclaves, access to traditional 
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foods) interacting with years living in the US to influence dietary choices differently across 
heritage groups, but these relationships by heritage warrant investigation. Indeed, our findings 
show increased adherence to a “Western” DP and lowered adherence to a “Traditional” DP only 
in Cubans and Mexicans, suggesting differential dietary acculturation processes by heritage50.   
This study has several notable strengths. The large samples of different heritage groups in 
HCHS/SOL allowed the separate derivation of DPs in each heritage group through factor 
analysis, which typically requires a large sample size to achieve stable correlations between input 
variables93. Additionally, we used two, nonconsecutive 24-hr recalls, which, in comparison to 
FFQs, have been shown to explain relatively higher proportion of the variance in derived DPs 
using exploratory factor analysis101,102. Another strength of our approach was the derivation of 
culturally and behaviorally meaningful DPs by different Hispanics/Latinos, which may inform 
dietary interventions targeting different Hispanic/Latino groups in this diverse population. Future 
research should evaluate how these culturally-relevant DPs relate to health outcomes and identify 
health-relevant DPs that more closely resembles dietary preferences in this diverse population 
may improve long-term dietary adherence103.  
No study is without limitations. Because we only relied on 24-hr recalls, we may not 
have captured episodically consumed foods well and, along with measurement error104, may have 
resulted in underestimation of our findings related to PFA. Additionally, misclassification of 
foods likely introduced nondifferential bias in the relationships with AHEI-2010; resulting in 
estimates toward the null given the same behavioral-focused approach used for all foods in each 
heritage group. Nevertheless, 15 out of the 21 heritage-specific findings were significantly 
related to the diet quality index, reflecting robustness of DPs likely deriving from dietary 
interactions when accounting for other parts of the diet. Another limitation was inadequate 
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sample sizes for deriving and evaluating DPs in Hispanics/Latinos of different cultural origins in 
Central America (e.g. Guatemala, Costa Rica) and South America (e.g. Argentina, Bolivia), 
leaving much unpacked dietary heterogeneity in these groups. Therefore, findings for Central 
and South Americans should be interpreted with caution. Lastly, we only tested one a priori 
defined diet quality score as a marker of healthfulness, although relationships with health 
outcomes have only been detected in some, but not all, heritage groups64. Other indices may, 
therefore, be more appropriate to evaluate healthfulness in certain Hispanic/Latino groups. 
Nevertheless, findings for AHEI provide insights and generate hypotheses about how DPs may 
be related to health in each heritage group and not meant to be used as a determination of DP 
“healthfulness” per se. That said, future studies should investigate relationships among heritage-
specific DPs, other indices of “healthfulness”, and general health outcomes in Hispanics/Latinos.  
In general, our findings suggest four things: 1) there is substantial heterogeneity in DPs 
across Hispanic/Latinos in the US; 2) despite misclassification of some foods to address our 
research objective in deriving more behaviorally meaningful DPs, we found the majority of 
heritage-specific DPs to be significantly associated with a more nutrient-focused diet quality 
index, indicating robustness of our PFA findings; 3) dietary acculturation seems to play a 
stronger role in some heritage groups versus others; and 4) our posteriori findings support the 
replicability of findings from factor analysis in Hispanics/Latinos of Puerto Rican and Mexican 
heritage based on consistent results for the most salient foods despite sample-specific findings 
across studies. Given the nutrition transition occurring in many parts of Latin America100, studies 
should use multinational data to compare diets between Hispanic/Latino adults living in the 
country of origin and those living in the US to determine the extent to which dietary shifts (e.g. 
from traditional to “Western”) have occurred in those countries105. As the Hispanic/Latino 
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population continues to grow in the US, research focused on unpacking dietary heterogeneity 
across Hispanics/Latinos may help inform dietary and other relevant interventions targeting this 
diverse US population. 
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Tables and figures 
Table 3.1. Examples, median intakes, and % nonconsumers for each food group in 14,099 Hispanics/Latinos 





Cheese queso fresco, queso blanco, mozzarella cheese 31.3 (40.3) 0.90 
Milk unflavored milkc, yogurt, smoothies 305.0 (226.7) 0.50 
Fruit bananas, apples, oranges, grapes 182.0 (164.0) 0.51 
Non-starchy 
vegetables 
tomato, mixed vegetables, lettuce, cactus pads 
(nopales)  96.0 (135.8) 0.72 
Starchy vegetables plantains, yuca blanca, mashed potatoes, potatoes 167.0 (181.1) 0.68 
Salads tossed salads, lettuce salads, Caesar’s salads 134.6 (168.0) 0.69 
Fish tilapia, shrimp, salmon, cod, catfish, calamari 125.0 (97.9) 0.85 
Poultry chicken (breast, drumstick, leg, wing)  98.0 (75.5) 0.59 
Pork pork (chops, steak, ribs, cubes) 103.0 (95.0) 0.85 
Beef beefsteak, beef (steak, sirloin, meatballs), ropa vieja 92.8 (97.8) 0.72 
Processed meats bacon, sausage, ham, salami, corned beef 45.3 (44.4) 0.85 
Burgers hamburger or ground beef and buns 165.3 (136.0) 0.90 
Fries french friesc, hashed brown potatoes 80.0 (78.5) 0.84 
Fried dishes other fried foods (e.g. empanadas, fried chicken) 103.0 (108.8) 0.82 
Pizza Pizza 204.0 (195.9) 0.86 
Dessert pan dulce, ice cream, cookies, cake 76.0 (89.3) 0.47 
Sweets chocolate candy, ice popsicle, gelatin 41.0 (74.0) 0.84 
Salty snacks crackers, tortilla/nacho chips, potato chips 27.0 (34.1) 0.64 
Refined grains white breads & toppings (e.g. cream cheese)c & rolls 60.9 (70.3) 0.54 
Cereal ready-to-eat cereals & milkc, with or without milk 
(oatmeal) 255.5 (185.1) 0.65 
Whole grains whole wheat breadc & toppings (e.g. cream cheese, 
butter) 61.4 (47.6) 0.84 
Corn-based foods corn tortillasc, tacos, tamales 142.0 (176.0) 0.61 
Meat & veg stews carne guisada (beef stew), picadillo de carne  189.0 (203.0) 0.78 
Beans beans (pinto, black, red)c, lentils  125.0 (143.3) 0.60 
Eggs scrambled eggs, fried eggs, boiled eggs 92.9 (75.3) 0.69 
Rice white ricec, rice and beans 177.8 (179.8) 0.34 
Noodle-based foods spaghetti noodles & sauce, ramen, macaroni & cheese 255.0 (243.0) 0.77 
Sandwiches & rolls sandwiches, hot dogs, burritos 161.1 (119.4) 0.50 
Soups chicken/vegetable soup, pozole, caldo de res (beef 
soup) 394.8 (396.8) 0.71 
Soft beverages Cokec, Pepsic, Spritec, diet soda 369.6 (275.4) 0.45 
Flavored drinks fruit juices/drinks (e.g. apple), Gatorade, fruit punch, 
horchata 373.5 (386.6) 0.35 
Coffee/tea coffee & milk/creamc, tea (with or without milk/cream) 360.0 (328.7) 0.32 
Alcoholic beverages beerc, wine, spirits 356.4 (477.6) 0.84 
Water tap water, bottled water 896.2 (866.5) 0.08 
Miscellaneousd herbalife formulated products (e.g. shakes), dairy 
alternatives 255.0 (362.9) 0.91 
Interquartile range, IQR. Food groups are intakes (grams/day) averaged across two, non-consecutive 24HR recalls in 
the Hispanic Community Health Survey/Study of Latinos (n=14,099).  
a Examples are listed in descending order of frequency in their food group 
b Food group median intakes (grams/day) in the overall sample defined 3-level ordinal intake variables 
(nonconsumers, below and above median) 
c Most represented food in their food group 
d Dropped from analysis due to consumption < 5% found in at least one heritage group  
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Table 3.2. Baseline sociodemographics by Hispanic/Latino heritage group in HCHS/SOL 
(n=14,099) 
Sociodemographics 







n=2,140 n=1,189 n=5,883 n=2,343 n=1,553 n=991 
Age (years) 46.8 (13.0) 39.7 (14.4) 38.6 (14.4) 43.6 (15.9) 40.3 (17.2) 42.8 (16.6) 
Female (%) 48.7 59.4 53.1 50.8 51.2 55.3 
Years lived in the US (%)       
US-born 06.6 16.3 23.1 48.5 06.7 05.1 
10 or more years 43.1 60.0 53.0 45.0 56.2 55.0 
Fewer than 10 years 50.3 23.7 24.0 06.5 37.1 39.9 
Education status (%)       
Less than HS 21.6 36.9 35.2 34.2 39.2 20.8 
HS or equivalent 29.7 23.5 30.6 28.9 25.1 27.3 
Greater than HS 48.7 39.7 34.2 36.9 35.8 51.9 
Center site (%)       
Bronx, NY 01.3 94.0 08.3 69.5 17.9 22.5 
Chicago, IL 00.8 01.0 27.1 23.5 15.7 21.0 
Miami, FL 97.4 04.7 01.1 04.8 62.5 52.0 
San Diego, CA 00.5 00.3 63.4 02.2 03.9 04.6 
AHEI-2010 (scores)a 44.0 (4.6) 48.6 (6.4) 52.1 (7.0) 41.8 (5.9) 47.4 (7.3) 46.1 (7.6) 
Hispanic Community Health Survey/Study of Latinos, HCHS/SOL; Alternative Healthy Eating Index (2010), 
AHEI-2010 
Values are survey-weighted means (SE) unless otherwise specified; sample sizes are unweighted. 
All sociodemographics were P < 0.001 across heritage 
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Table 3.3. Heritage-specific principal factors and factor loadings by overarching common 
dietary patterns in HCHS/SOL (n=14,099) 
 
(CONTINUED)  
Food groups (n=34) 
Western Traditional 
CUB DOM MEX PRC CAM SAM CUB DOM MEX PRC CAM 
F1 F1 F1 F1 F1 F1 F2 F3 F3 F2 F3 
Cheese         -0.21 -0.33 0.22    
Milk                       
Fruit  -0.26 -0.27 -0.35 -0.33       
Nonstarchy vegetables   -0.21 -0.35 -0.30    0.27   
Starchy vegetables         0.28  0.40 
Salads    -0.22 -0.28       
Fish    -0.32 -0.35     -0.23  
Poultry        0.29 0.24 0.23  
Pork       0.32 0.37 0.21 0.47 0.28 
Beef       0.39  0.27 0.24 0.56 
Processed meats         0.28   
Burgers 0.68 0.57 0.67 0.60 0.74 0.77 -0.28     
Fries 0.55 0.73 0.70 0.61 0.72 0.61      
Fried dishes 0.23 0.46 0.24         
Pizza 0.35 0.43 0.27 0.32 0.27 0.25  -0.51  -0.22 -0.23 
Dessert  0.21          
Sweets       -0.22    -0.25 
Salty snacks   0.23         
Refined grains 0.20           
Cereal       -0.24     
Whole grains -0.21   -0.30 -0.42      -0.23 
Corn-based       -0.25     
Meat & vegetable stews       0.27 0.31   0.21 
Beans   -0.22   -0.20 0.42 0.37 0.33 0.56 0.26 
Eggs        0.31 0.23   
White rice      -0.28 0.61 0.41 0.29 0.77 0.64 
Noodle dishes 0.22      -0.26 -0.29    
Sandwiches/rolls 0.39 0.40 0.31 0.27 0.21 0.35     -0.32 
Soups -0.23 -0.21  -0.22     -0.20  -0.39 
Soft drinks 0.64 0.78 0.43 0.60 0.61 0.40     0.29 
Fruit & vegetable drinks            
Coffee/tea    -0.21        
Alcoholic drinks  0.24 0.25 0.24    0.20 0.22   
Water  -0.22   -0.22       
Variance explained (%) 0.17 0.16 0.28 0.18 0.09 0.16 0.13 0.09 0.15 0.12 0.07 
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Table 3.3 (CONTINUED) 
Cuban, CUB (n=2,140); Dominican, DOM (n=1,189); Mexican, MEX (n=5,883); Puerto Rican, PRC 
(n=2,343); Central American, CAM (n=1,553); South American, SAM (n=991); Hispanic Community Health 
Survey/Study of Latinos, HCHS/SOL; Factor, F 
Data presented are orthogonally (varimax) rotated factors and food group loadings derived in each heritage 
group separately using principal factor analysis on heritage-specific matrices holding polychoric correlations 
between 34 three-level ordinal food group intake variables (nonconsumers, below and above the median in 
the overall sample) with original intakes (grams/day) averaged across two, non-consecutive 24-hr recalls in 
HCHS/SOL 
Factor loadings in absolute values > 0.20 only show for simplicity and those > 0.30 are bolded 
 
Food groups (n=34) 
Fish Egg & Cheese Alcohol 
CUB DOM MEX SAM DOM PRC CAM DOM CAM SAM 
F3 F4 F2 F2 F2 F3 F2 F5 F4 F3 
Cheese 0.29       0.46 0.26 0.54 -0.22  0.31 
Milk              -0.21 
Fruit     0.23 0.31    -0.28   
Nonstarchy vegetables   0.35   0.36  0.25    0.21 
Starchy vegetables         0.67 0.25    0.21 
Salads 0.25   0.44     -0.21    
Fish 0.48 0.73 0.23 0.31  0.23   0.35  
Poultry 0.36 -0.27 0.27      -0.34   
Pork       -0.45  -0.23  0.22   
Beef            0.68   
Processed meats 0.28       0.43 0.48    0.20 
Burgers         -0.31      
Fries               
Fried dishes   0.21         0.26  
Pizza           -0.26  0.27 -0.24 
Dessert              0.23 
Sweets              0.36 
Salty snacks       0.24       
Refined grains       -0.24       
Cereal     0.25 0.36   -0.38 -0.20 -0.31  
Whole grains 0.24   0.32 0.48    -0.30   
Corn-based   0.27 -0.47     0.63    
Meat & vegetable stews -0.39   -0.26     0.24   -0.30 
Beans   -0.22 -0.28     0.31    
Eggs         0.52 0.45 0.50   0.24 
White rice       -0.27      -0.29 
Noodle dishes           -0.21  0.44  
Sandwiches/rolls             0.29  
Soups -0.28       -0.24  0.28  -0.32  
Soft drinks     -0.38 -0.51     0.21  
Fruit & vegetable drinks               
Coffee/tea           0.28  0.38 0.28 
Alcoholic drinks   0.37      0.29  0.45 0.60 0.41 
Water       0.39  0.25   -0.28  
Variance explained  (%) 0.09 0.08 0.19 0.14 0.10 0.10 0.07 0.08 0.06 0.11 
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Figure 3.1. Study flowchart 
 
Flow chart of baseline study participants in the combined and heritage-specific samples in the Hispanic/Latino 
Community Health Survey/Study of Latinos 
* Estimated energy intake was below the 1st or above 99th sex-specific percentiles in HCHS/SOL or deemed 
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Figure 3.2. AHEI scores by quintiles of a posteriori dietary patterns in each Hispanics/Latino heritage group in 
HCHS/SOL 
Data presented are mean AHEI-2010 scores (95% confidence intervals) by quintiles (Q1-Q5) of each heritage-
specific dietary pattern from multivariate linear regression models showing significant mean AHEI-2010 score 
differences comparing higher-to-lowest quintiles (Q2-Q5 vs. Q1), adjusting for age (years), sex (male, female), 
highest education achieved (less than high school, high school or equivalent, beyond high school), and other 
heritage-specific dietary patterns (quintiles) (all Bonferroni-corrected for pairwise comparisons, P < 0.01; all Ptrend < 
0.001). Asterisks (∗) indicate significant pairwise comparisons for individual quintiles in each heritage-specific 
dietary pattern. Linear trends were tested by using the midpoint of each dietary pattern quintile as a continuous 
measure. Cuban, CUB (n=2,140); Dominican, DOM (n=1,189); Mexican, MEX (n=5,883); Puerto Rican, PRC 




Figure 3.3. Mean dietary pattern scores by years living in the US in each Hispanic/Latino heritage group in 
HCHS/SOL 
 
Data presented are significant weighted heritage-specific dietary pattern score differences (95% confidence 
intervals) comparing greater years living in the US categories vs. US-born (referent, not shown), adjusting for age 
(years), sex (male, female), and highest education achieved (less than high school, high school or equivalent, beyond 
high school) (Bonferroni-corrected P < 0.01). Asterisks (∗) indicate significant individual pairwise comparisons for 
categories of years living in the US vs. US-born (all Bonferroni-corrected for pairwise comparisons, P < 0.01). 
Linear trends were significant across all presented heritage-specific findings (Ptrend < 0.01), except for the Western 
DP in Dominicans (Ptrend = 0.036) and Traditional DP in Mexicans (Ptrend = 0.021)). Linear trends were tested by 
using the midpoint of each category for years living in the US in the overall sample as a continuous measure. Cuban, 
CUB (n=2,140); Dominican, DOM (n=1,189); Mexican, MEX (n=5,883); Puerto Rican, PRC (n=2,343); Central 
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Supplemental Figure 3.1. Heritage-specific Screeplots from Principal Factor Analyses 
 
Scree plots display eigenvalues and factor numbers from each principal factor analysis performed in each 
























CHAPTER 4: COMPARISON OF A POSTERIORI DIETARY PATTERNS AMONG 
MEXICAN-ORIGIN ADULTS IN MEXICO AND THE US: FINDINGS FROM 
HCHS/SOL AND ENSANUT 2012 
 
Background 
Over the last three decades, Mexico has been undergoing a nutrition transition, defined as 
a shift from undernutrition to diet-related cardiometabolic diseases such as type 2 diabetes 
(T2D)106. The nutrition transition has been associated with urbanization and economic growth, 
both of which have been linked to assertive marketing of inexpensive, convenient, and high-
calorie foods, agricultural subsidies, and wide secular changes in work, lifestyles, and 
transportation4,107,108. These macro-level factors are suspected to have led to shifts from 
traditional to more “western” or “unhealthy” diets4,100,109 and likely responsible for the dramatic 
increases in the proportions of obesity and T2D observed in Mexico over a short period of 
time4,110.  
Meanwhile in the US, Mexican-origin Hispanics/Latinos are exposed to a highly 
obesogenic environment, characterized by high intakes of highly processed foods and low 
intakes of nonstarchy vegetables, whole fruits, and legumes, and many other exposures known to 
be detrimental to health (e.g. pollution, inadequate sleep quality and quantity, etc.)111. Among the 
foreign-born, most post-migration stressors such as discrimination, acculturative stress, and 
family conflict have been found to increase the likelihood of having psychiatric disorders such as 
depression and anxiety112, which may influence certain dietary behaviors and, subsequently, diet 
quality. In fact, chronic and perceived stress among HCHS/SOL adults have been found to be 
associated with higher total energy intake and lower diet quality scores (AHEI-2010)113, both of 
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which have been implicated in the development of T2D and other cardiometabolic conditions114. 
Additionally, US Hispanic/Latino immigrants, most of whom are of Mexican origin67, are more 
likely to live in socioeconomically deprived areas,115 which, compared to those living in non-
socioeconomically disadvantaged areas, have consistently shown to increase the likelihood of 
obesogenic dietary behaviors such as purchasing from takeaway/fast food and other outlets less 
likely to sell healthy foods (e.g. convenience stores)116. 
Assuming all of this is occurring in the US and Mexico at a similar pace, it can also be 
argued that US length of time, or years of exposure to the US obesogenic environment, may 
influence adherence to diets comprising of local and common US foods among recent Mexican 
immigrants. Additionally, as the foreign-born spend more time in the US, they undergo an 
acculturation process in which they lose health-protective aspects of their culture and learn and 
adopt those of the US such as the “American” or western diet (dietary acculturation) and other 
obesogenic behaviors57,69,117. In fact, years living in the US has been found to be associated with 
higher intakes of obesogenic foods (e.g. fast food, added snacks) and lower intakes of culturally 
traditional foods/nutrients (e.g. fiber, b-carotene, corn tortilla)55,57,71. That said, these findings do 
not account for other parts of the overall diet, limiting our conclusions about health implications 
of diet in Mexican-origin Hispanics/Latinos.  
Understanding how diets may be shifting in the country of origin may provide insights 
into how modernization and the adoption of western values and behaviors may be shaping diets 
in Mexico. Although the dietary profiles among Mexican-origin Hispanic/Latinos in Mexico 
might have appeared healthier compared to those in the US 20 years ago,57 diets in Mexico may 
have begun to, if not already, resemble those in the US but this has yet to be evaluated4,105,108,109.  
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This study aimed to empirically derive and characterize DPs, separately, for Mexican-
origin adults in the US and Mexico using binational data to evaluate the extent to which DPs in 
Mexico resemble those among Mexican-origin Hispanic/Latinos in the US. 
Methods 
The Hispanic Community Health Survey/Study of Latinos (HCHS/SOL) is a population-
based, multi-site cohort study of 16,415 Hispanic/Latino adults from randomly selected 
households in four US field sites (Bronx, NY; Chicago, IL; Miami, FL; and San Diego, CA) with 
baseline examinations (2008-2011) and annual telephone follow-up assessments76. Recruitment 
included a stratified 2-stage probability representative sample of households at each center site77. 
Individuals from selected households were contacted and screened for eligibility (living in the 
household, aged 18-74 y, ability to attend a clinic visit for baseline data collection, and not 
planning to move from the study area within 6 months). We excluded participants who identified 
their heritage group as other than Mexican (n=9,943). Additionally, we excluded participants if 
they had any missing or only one dietary recall, had any recalls with implausible energy intakes 
(< 1st or > 99th sex-specific HCHS/SOL percentiles) or recalls deemed unreliable by the 
interviewer26 (n=2,046), or had missing data on education and nativity/lived years in the US 
(n=46). These exclusion resulted in a final HCHS/SOL sample of 4,380. This study was 
approved by the institutional review boards of the National Heart, Lung, and Blood Institute and 
each field site. All participants provided written consent. This trial was registered at 
clinicaltrials.gov as NCT02060344. 
ENSANUT 2012 is a nationally representative, cross-sectional survey of the Mexican 
population118. ENSANUT was carried out between October 2011 and May 2012, similar to that 
of HCHS/SOL (2008-2012). Findings from this survey are generalizable to the 
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noninstitutionalized, non-pregnant, non-lactating, and non-breastfeeding Mexican population 
(aged >= 1 yrs; max: 104 yrs). Demographic, health, and general nutrition information was 
obtained from 96,031 individuals in 50,528 randomly selected households. Here, we consider 
age (years) and sex (male, female). In a random, nationally representative subsample (n = 
10,886; 11% of ENSANUT participants), detailed dietary information was collected using a 24-
hr recall. A second 24-hr recall was collected in a subsequent random subsample (~9%) of the 
10,886 individuals (N = 981)119. To compare with HCHS/SOL, ENSANUT will be further 
restricted to those aged 18-76 y and not pregnant/lactating. Finally, given historical emigration 
from rural areas in Mexico to the US among foreign-born Mexican-origin Hispanics/Latinos120, 
ENSANUT participants living in urban and rural areas of Mexico will be included. We excluded 
participants with any recall whose estimated total energy was below or above their 
corresponding study- and sex-specific 1st and 99th percentiles, respectively (n=4). These criteria 
resulted in an analytic sample including all non-pregnant/lactating participants aged 18-74 y with 
two 24-hr recalls in ENSANUT (n=296). 
In both studies, staff-administered questionnaires were performed. In HCHS/SOL, 
interviews were administered in the participant’s preferred language78 and data was collected for 
heritage (based on national origin, age (y), sex (M/F), field center (Bronx, NY; Chicago, IL; San 
Diego, CA; Miami, FL), age of migration (y), nativity (US-born/foreign-born), and years living 
in the US (years). Due to small cell counts, site was collapsed into a binary category (San Diego, 
CA; Not San Diego). We combined years living in the US (y) and nativity (US-born/foreign-
born) and classified foreign-born based on their years living in the US: (<10 years, ³10 years, 
and US-born)49.  
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Diet was assessed using two, non-consecutive 24-hr recalls in HCHS/SOL and 
ENSANUT. In HCHS/SOL, the first recall was administered at baseline and the second over the 
phone within 30 d of the baseline. For example, ENSANUT staff-administered both 24-hr 
recalls119 in person while one recall in HCHS/SOL was administered over the phone. 
Additionally, energy and nutrient intakes in Mexico were calculated using a Mexican-based food 
composition table whereas HCHS/SOL used the Nutrition Data System for Research,121 which 
includes thousands of common foods, brand-name products, and Hispanic/Latino foods and 
provides values for nutrients, food-group serving counts, and other food components. At the first 
recall interview, a food-amounts booklet was provided to each participant for estimating portion 
sizes during the subsequent telephone interview. Both studies used the multiple-pass method, 
which has been shown to increase validity by minimizing underreporting of dietary intake122. 
Food group formation (n=35) was guided by nutritional, cultural, and behavioral relevance, and 
previous work (e.g. corn-tortillas, corn-based foods, burgers, meat and vegetable stews)40,57,74, 
and consumption patterns in the data (Table 4.1). Consistent with previous work (Aim 1), we 
grouped recipe name (e.g. sandwich) and ingredients (e.g. cheese, ham, onions, etc.) and same-
named non-recipe foods. For recipes whose food groups overlapped (e.g. rice and beans recipe), 
we based food group assignments on the predominant recipe ingredient (> 50% total g). For 
remaining non-recipe whole foods (e.g. chocolate), we initially applied a food grouping system, 
which disaggregates the major US Department of Agriculture’s food groups by fat and fiber.80 
Due to low consumption of some foods between Mexican-origin groups, however, we 
aggregated low- and high-nutrient specific food groups (e.g. high- and low-fat milk into milk). 
Additionally, we separated fried from non-fried foods (e.g. fried vs grilled chicken) across food 
groups except for corn-based recipes which traditionally include fried/grilled corn tortillas.  
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Previous FA studies using 24-hr recall data have used averaged gram intake amounts 
based on two or more recalls to derive DPs81,82. Compared to other diet assessment tools, 
however, 24-hr recalls are prone to large numbers of non-consumers, which results in skewed 
distributions typically for several foods. To address this, FG intakes (g) will be categorized based 
on the intake distributions (nonconsumers as the standard referent) in both HCHS/SOL and 
ENSANUT. Additionally, to compare consumers between studies, we transformed food group 
intakes into binary food group variables (non-consumer/consumer). This approach reduces 
potential for observing artifact DP differences based on measurement error related to intake 
amounts deriving from methodological differences (sampling, differences in food composition 
tables, etc.) between studies. Finally, food groups with consumption < 5% in either Mexican-
origin group were either merged with another food group or dropped from analysis83,84.  
Because our research objectives were to better understand foods are “consumed 
together/hang together”, we derived DPs using principal factor analysis (PFA) which only 
analyzes the common variance versus principal component analysis which analyzes the total 
variance and is not typically used to identify underlying latent variables (e.g. DPs)90. First, 
however, we tested whether the binary food groups in each Mexican-origin group had too little in 
common to warrant a factor analysis using the Kaiser-Meyer-Olkin (KMO) index and Barlett’s 
test for sphericity19. After finding acceptable results in each Mexican-origin groups (both KMOs 
>0.50; both Barlett’s tests p<0.001), we proceeded with generating two country-specific matrixes 
of tetrachoric correlations from the joint distributions of each set of binary food group variables89 
and performing two separate PFAs on the matrices holding these tetrachoric correlation 
coefficients of each Mexican-origin group to identify the smallest number of unique factors that 
best account for the common variance across food variables in each group19,28.  
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To guide factor retention in each Mexican-origin group, we used a modified Delphi 
approach, a widely used method that solicits the opinions of experts through a series of carefully 
designed questionnaires interspersed with information and opinion feedback in order to establish 
a convergence of opinion91. Three independent investigators with experience in deriving DPs 
from EFA independently selected and retained factors in each Mexican-origin group based on 
examination of two to six factor-solutions, scree plots and variance explained by each factor, 
eigenvalues>1.0, interpretability of factors, and consistency with the extant literature19,29,92. 
Investigators then met to compare independent conclusions about factor retainment and carefully 
discuss and reconcile differences in the final number of factors to be retained in each Mexican-
origin group. Like previous work, orthogonal (varimax) rotation was then performed among 
derived factors in each Mexican-origin group to maximizes the variance of the squared loadings 
and form uncorrelated and more interpretable factors28.   
We characterized derived factors based on the highest absolute factor loadings 
(>0.20)19,94-96. Then, we identified common, or overarching, DPs based on foods with the highest 
and sign-compatible factor loadings in both Mexican-origin groups. We then generated DP 
scores for each individual separately in each Mexican-origin group by multiplying the scoring 
coefficient of each food group by the individual’s corresponding food group intake category 
(non-consumer, consumer) and summing across food groups, resulting in each participant 
receiving a score for each factor derived in their respective Mexican-origin group.  
Except for PFA, all subsequent analyses accounted for complex survey design and the 
sampling weights in HCHS/SOL and ENSANUT. Means (SEs) for continuous and frequency for 
categorical variables were calculated, separately, in each study and Mexican-origin group. 
Differences in sociodemographic characteristics and proportions of food group consumption 
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within country-specific Mexican-origin groups were tested using t-test for continuous variables 
and Pearson chi-square test for dichotomous variables. To determine whether living longer in the 
US was associated with dietary shifts, we evaluated mean DP score differences by lived years in 
the US in HCHS/SOL, adjusting for age, sex, and education. We also tested linear trends 
between DPs found in US-based Mexican-origin Hispanics/Latinos and categorical lived years in 
the US by using the midpoint of each category of lived years in the US as a continuous measure. 
Finally, differences between Mexican-origin groups (i.e. US vs. Mexico) were qualitatively 
compared. We performed all analyses in Stata version 14.2 (Stata Corp, College Station, Texas) 
and set statistical significance at p<0.05 for all analyses. 
Results  
Table 4.2 shows derived country-specific factors and factor loadings by common DPs 
based on foods with the highest and sign-compatible factor loadings shared by both Mexican-
origin groups. The number of derived factors in each heritage group was three for a total of 6 
country-specific DPs. The variance explained by the set of first three factors derived was 0.19, 
0.17, 0.13 in HCHS/SOL and 0.10, 0.09, 0.09 in ENSANUT.  
The first factor derived in PFA accounts for the largest portion of variation. In HCHS, the 
first factor derived was characterized by large positive loadings on fries, burgers, soft and 
alcoholic drinks, and processed meats and large negative loadings on fruit. Because this first 
HCHS/SOL factor had incompatible high loadings with ENSANUT-derived factors for at least 
one food group, we generally labeled this first HCHS/SOL factor as an uncommon fries, burgers, 
soft drinks, alcoholic drinks, and processed meats DP, or uncommon “Fries” DP for short, based 
on the large loadings for these foods.   
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Meanwhile in ENSANUT, the first factor derived was characterized by large loadings on 
corn tortillas, pork, fries, cheese, and beans, and non-starchy vegetables and large negative 
loadings on burgers, pizza, sandwiches, soft drinks, salty snacks, and fish. High loadings on corn 
tortilla and beans in this ENSANUT factor were also shared by the second derived factor in 
HCHS/SOL. Because no incompatibility between high loadings for the same foods were noted 
between country-specific factors, we generally labeled these factors under a common corn 
tortilla and beans DP or “Corn Tortilla” for short. We identified a second common DP 
encompassing both third factors derived in HCHS/SOL and ENSANUT. For instance, both 
country-specific factors shared high positive loadings on salads and rice and showed no 
incompatibility between foods with large loadings. We, therefore, labeled these factors under a 
common salads and rice DP, or “Salads” DP for short. Lastly, the second derived factor in 
ENSANUT showed high positive loadings on whole grains, water, fries, and nonstarchy 
vegetables and large negative loadings on starchy vegetables, alcoholic drinks, and corn tortillas, 
all of which were large and positive in the third, first, and second derived factors in HCHS/SOL. 
Thus, we labeled this factor as a uncommon whole grains, water, fries, and non-starchy vegetable 
DP or uncommon “Whole Grains” DP. 
Figure 4.1 displays differences in weighted proportions of consumption for each food 
group between Mexican-origin Hispanics/Latinos in the US versus Mexico (referent). Mexican-
origin Hispanics/Latinos living in the US showed greater proportions of consumption for white 
rice (0.41), cereal (0.29), flavored drinks (0.21), salads (0.18), sandwiches (0.17), salty snacks 
(0.16), refined grains (0.14), fries (0.14), and whole grains (0.13). Meanwhile, those in Mexico 
displayed greater proportions of consumption for corn tortilla (-0.36), fried foods (-0.22), beans 
(-0.14), eggs (-0.12), and stews (-0.11).  
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Figure 4.2 demonstrates a heat map of food group consumption (%) by lived years in the 
US in HCHS/SOL and urban/rural area in ENSANUT 2012. Compared to the US-born, the 
proportion of consumers for burgers, fries, pizza, sweets, salty snacks, noodle-based foods, 
sandwiches, soft drinks, and alcohol generally decreased with fewer years in the US. These 
patterns were similar for Mexico except noodles-based foods for which there appeared to be 
similar consumption between Mexican origin groups in the US and Mexico. In contrast, fruit, 
nonstarchy vegetables, corn tortillas, stews, beans, eggs, and coffee/tea generally increased in 
consumption with fewer years in the US.  
Figure 4.3 shows predicted mean DP scores by years living in the US in HCHS/SOL, 
adjusted for age, sex, education, and site. Models were weighted for survey design. While the 
mean “Fries” DP score among the US-born was significantly higher than the scores among those 
with 10 or more years and those with less than 10 years in the US, the mean “Corn Tortilla” DP 
score in the US-born was significantly lower than those among the >= 10 years and < 10 years 
categories (Bonferroni-corrected P < 0.025). There were no significant differences by years 
living in the US for the common “Salad” DP.  
Discussion 
Using population-based data from the US and Mexico, our study empirically derived and 
characterized DPs in country-specific samples separately and found dietary differences between 
Mexican-origin Hispanics/Latinos adults aged 18-76 years in the US and the country of origin. 
Mexican-origin Hispanics/Latinos in the US and Mexico differed on the composition of their 
diets. Despite these differences, our study identified a common “Corn Tortilla” DP and a 
common “Salad” DP characterized by the highest food intakes shared by both Mexican-origin 
groups, along with two unique US “Fries” and Mexican “Whole Grains” DPs based on either 
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nonoverlapping or incompatible highest/lowest food intakes between groups. At the dietary 
component level, the top 5 foods (>10% difference) being consumed among Mexican-origin 
groups in the US versus Mexico were white rice, cereal, flavored drinks, salads, and sandwiches, 
while in Mexico, the top. 5 foods being consumed relative to the US were corn tortilla, fried 
foods, beans, eggs, and meat and vegetable stews. Additionally, dietary differences were also 
found at the dietary component level and in overall DPs, showing significantly higher mean 
scores for the “Corn Tortilla” DP and lower mean scores for the “Fries” DP among both lived 
years in the US categories compared to the US-born after adjusting for relevant 
sociodemographics.  
Although we did not use the same food group scheme, our findings generally corroborate 
previous DP analysis and dietary acculturation work in Hispanics/Latinos of Mexican origin 
living in the US. A study using nationally representative data in Hispanics/Latinos of Mexican 
origin derived four DPs, the first three of which had similar foods with similarly high intakes as 
those found in the DPs derived in our study among the Mexican-origin group living in the US. 
For example, similar the DPs found in our study, the “Western” DP was characterized by highest 
food factor loadings on fries, fried foods, pizza, and sweetened beverages (“Fries” DP), while the 
“Healthy” and “Tomato/Tortilla” DPs were characterized by highest food group loadings on 
vegetables of all types, poultry, fish, and others (“Salad” DP) and on tortilla, beans, eggs, and 
rice (“Corn Tortilla” DP)74.  
Findings for dietary acculturation were also consistent with our results in that the foreign-
born had significantly lower scores for a “Western”-like DP and higher DP mean scores for a 
more traditional “Corn Tortilla” DP compared to their US-born counterparts. Our findings at the 
dietary component level were also generally consistent with previous work focusing on 
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Hispanics/Latinos of Mexican origin in the US, showing that greater time in the US is associated 
with higher intakes for fast food, snacks, pizza, french fries, and decreased intakes of corn 
tortillas, beans, nonstarchy vegetables49,57,98.  
Our findings generally suggest that the diets among Mexican-origin groups in Mexico 
compared to those in the US are mostly different, indicating high intakes of foods shown to be 
consumed in the Mexican vs US Mexican-origin population 20 years ago57 although data was 
only available for women. However, comparing the types of foods shown to be commonly 
consumed in Mexico 20 years ago57, our findings suggest foods characterizing a typical Western 
diet are becoming more common in Mexico, notably desserts, salty snacks, fries, and soft drinks. 
Concurrent longitudinal studies in both countries among Hispanics/Latinos of Mexican origin are 
needed to better understand dietary changes over time between the US and Mexico given the 
nutrition transition occurring in Mexico and dietary shifts occurring as Mexican-origin 
individuals live longer in the US. 
This study has some strengths and limitations. The use of binational to better understand 
consumption patterns in Mexican-origin adults living in the US and Mexico is a strength of this 
study. Most of the work focused on dietary acculturation among Mexican-origin 
Hispanics/Latinos has used only data from the US. Another strength is the use of two, 
nonconsecutive 24-hr recalls, which, in comparison to food frequency questionnaires, have been 
shown to explain relatively higher proportion of the variance in derived DPs using exploratory 
factor analysis101,102. However, a major limitation is comparing diets qualitatively since different 
complex survey weights limited our abilities to quantitatively test differences between country-
specific Mexican-origin groups. Another limitation is comparing studies with methodological 
differences, which could actually explain observed differences between countries. Lastly, the 
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small sample size in ENSANUT 2012 is a major limitation since PFA typically requires a large 
sample size for stable correlations between input variables93. Thus, the DPs derived in 
ENSANUT 2012 may not be reproducible.  
This study found differences in DPs between Mexican-origin groups living in the US and 
Mexico with some indications of western foods (e.g. fries, soft drinks) beginning to appear in the 
diets among those living in Mexico. Future work could focus on prospectively following 
immigrant Hispanics/Latinos from Mexico to the US and those who never leave Mexico to better 
understand how diets and what parts are most likely to change in the face of dietary acculturation 




Tables and figures 
Table 4.1. Food group examples  
Food Groups (n=35) Examplesa 
Cheese queso fresco, queso blanco, mozzarella cheese 
Milk unflavored milk*, yogurt, smoothies 
Fruit bananas, apples, oranges, grapes 
Non-starchy vegetables tomato, mixed veg, lettuce, cactus pads (nopales)  
Starchy vegetables plantains, yuca blanca, mashed potatoes, potatoes 
Salads tossed salads, lettuce salads, caesar salads 
Fish tilapia, shrimp, salmon, bacalao, catfish, calamari 
Poultry chicken (breast, drumstick, leg, wing)  
Pork pork (chops, steak, ribs, cubes) 
Beef bistec, beef (steak, sirloin, meatballs), ropa vieja 
Processed meats bacon, sausage, ham, salami, corned beef 
Burgers hamburger or ground beef and buns 
Fries french fries*, hashed brown potatoes 
Fried dishes other fried foods (e.g. empanadas, fried chicken) 
Pizza pizza 
Dessert pan dulce, ice cream, cookies, cake 
Sweets chocolate candy, ice popsicle, gelatin 
Salty snacks crackers, tortilla/nacho chips, potato chips 
Refined grains white breads & toppings (e.g. cream cheese)* & rolls 
Cereal ready-to-eat cereals & milk*, with or without milk (oatmeal) 
Whole grains whole wheat bread* & toppings (e.g. cream cheese, butter) 
Corn-based foods tacos, tamales  
Corn tortillas corn tortillas 
Meat & veg stews carne guisada (beef stew), picadillo de carne  
Beans beans (pinto, black, red)*, lentils  
Eggs scrambled eggs, fried eggs, boiled eggs 
Rice white rice*, rice and beans 
Noodle-based foods spaghetti noodles & sauce, ramen, macaroni & cheese 
Sandwiches & rolls sandwiches, hot dogs, burritos 
Soups chicken/veg soup, pozole, caldo de res (beef soup) 
Soft beverages coke*, pepsi*, sprite*, diet soda 
Flavored drinks fruit juices/drinks (e.g. apple), gatorade, fruit punch, horchata 
Coffee/tea coffee & milk/cream*, tea (with or without milk/cream) 
Alcoholic beverages beer*, wine, spirits 
Water tap water, bottled water 
Miscellaneousb herbalife formulated products (e.g. shakes), dairy alternatives 
Hispanic Community Health Survey/Study of Latinos, HCHS/SOL; Encuesta Nacional de Salud y 
Nutricion (2012), ENSANUT 2012. Food groups are % consumers from two, non-consecutive 24-hr recalls 
among Mexican-origin Hispanics/Latinos in HCHS/SOL and ENSANUT 2012 
a Examples are listed in descending order of frequency for each food group in the overall sample 
b Dropped from analysis due to consumption < 5% found in at least one heritage group 
* Represents the majority in their respective food groups 
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Table 4.2. Factors and loadings separately derived in HCHS/SOL and ENSANUT 2012 
Hispanic Community Health Survey/Study of Latinos, HCHS/SOL; US (n=4,380); Encuesta Nacional de Salud y 
Nutrición 2012, ENSANUT 2012; MX (n=296); Factor, F 
Data presented are orthogonally (varimax) rotated factors and food group loadings derived in each heritage group 
separately using principal factor analysis on heritage-specific matrices holding tetrachoric correlations between 35 
binary food group intake variables (nonconsumers, consumer) from two, non-consecutive 24-hr recalls 




Tortilla Salad Fries 
Whole  
Grain 
US MX US MX US MX 
F2 F1 F3 F3 F1 F2 
Cheese   0.45   0.32   0.22 
Milk       0.35   0.22 
Fruit   0.22 0.21 0.44 -0.32 0.21 
Non-starchy Vegetables   0.30 0.34     0.35 
Starchy Vegetables     0.34 0.21   -0.76 
Salads -0.23   0.39 0.62     
Fish   -0.33 0.28 0.30     
Poultry     0.49       
Pork 0.20 0.66         
Beef 0.31           
Processed Meats       0.61 0.30   
Burgers -0.21 -0.86     0.64   
Fries   0.50     0.66 0.46 
Fried       0.27 0.24   
Pizza   -0.43   -0.65     
Dessert           -0.24 
Sweets       0.24     
Salty Snacks -0.22 -0.36   0.35     
Refined Grains   -0.29   0.25     
Cereal       0.38 -0.24   
Whole Grains     0.23     0.86 
Corn-based     -0.32       
Corn Tortilla 0.73 0.73     -0.20 -0.30 
Meat & Veg Stews 0.43     0.32   -0.20 
Beans 0.58 0.37         
Eggs 0.30 0.25         
White Rice 0.22   0.34 0.55     
Noodles              
Sandwiches -0.26 -0.43   0.27 0.24   
Soups         -0.29   
Soft Drinks   -0.37 -0.27   0.48   
Fruit & Veg Drinks           -0.25 
Coffee/Tea             
Alcoholic Drinks   -0.28   0.42 0.31 -0.68 
Water         -0.23 0.59 
Variance explained (%) 0.17 0.10 0.13 0.09 0.19 0.09 
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Figure 4.1. Ranked differences in food group consumption (%) among Mexican-origin Hispanics/Latinos living in 
the US versus Mexico 
Values were weighted for survey design in their corresponding study sampling. Differences (%) are 
unweighted. Data are from the Hispanic Community Health Survey/Study of Latinos (HCHS/SOL, 
n=4,380) and The 2012 Encuesta Nacional de Salud y Nutrición (ENSANUT 2012, n=296) 









































Figure 4.2. Heat map of consumption in Hispanics/Latinos of Mexican origin by years living in the US and 
urban/rural area in Mexico 
 HCHS/SOL*  ENSANUT 2012* 
 Years Lived in the US  Mexico 
 US ≥ 30 y 20-29 y 10-19 y <10 y  Urban Rural 
 n=654 n=976 n=894 n=1,049 n=807  n=184 n=112 
Cheese 0.08 0.09 0.11 0.08 0.09  0.11 0.07 
Milk 0.46 0.49 0.42 0.52 0.51  0.59 0.28 
Fruit 0.46 0.69 0.66 0.58 0.61  0.52 0.41 
NS. Vegs 0.22 0.41 0.36 0.35 0.35  0.38 0.33 
S. Vegs 0.22 0.21 0.21 0.15 0.13  0.11 0.09 
Salads 0.26 0.35 0.32 0.26 0.29  0.14 0.04 
Fish 0.11 0.17 0.17 0.13 0.16  0.04 0.09 
Poultry 0.32 0.33 0.42 0.35 0.33  0.29 0.15 
Pork 0.09 0.07 0.12 0.11 0.08  0.07 0.10 
Beef 0.24 0.22 0.24 0.25 0.21  0.18 0.10 
Proc. Meats 0.12 0.10 0.11 0.08 0.13  0.10 0.03 
Burgers 0.23 0.09 0.09 0.07 0.11  0.07 0.00 
Fries 0.27 0.11 0.15 0.13 0.13  0.01 0.05 
Fried 0.19 0.12 0.14 0.13 0.14  0.37 0.33 
Pizza 0.19 0.09 0.13 0.13 0.10  0.06 0.00 
Dessert 0.64 0.62 0.61 0.63 0.62  0.68 0.68 
Sweets 0.26 0.18 0.19 0.19 0.20  0.19 0.15 
Salty Snacks 0.50 0.35 0.35 0.33 0.28  0.23 0.12 
Refined Grains 0.40 0.46 0.40 0.38 0.40  0.29 0.19 
Cereal 0.46 0.43 0.40 0.36 0.44  0.17 0.03 
Whole Grains 0.21 0.20 0.23 0.18 0.17  0.09 0.03 
Corn-based 0.53 0.53 0.55 0.60 0.60  0.58 0.37 
Corn tortilla 0.26 0.52 0.57 0.55 0.51  0.79 0.97 
Stew 0.13 0.21 0.21 0.25 0.22  0.37 0.19 
Beans 0.32 0.45 0.45 0.42 0.42  0.51 0.66 
Eggs 0.34 0.40 0.39 0.35 0.39  0.50 0.48 
White Rice 0.43 0.46 0.50 0.50 0.45  0.07 0.02 
Noodle-based 0.30 0.19 0.25 0.22 0.20  0.30 0.33 
Sandwiches 0.69 0.50 0.52 0.49 0.52  0.44 0.17 
Soups 0.30 0.39 0.38 0.36 0.40  0.29 0.22 
Soft drinks 0.64 0.51 0.56 0.58 0.63  0.69 0.48 
Flavored drinks 0.65 0.58 0.64 0.64 0.72  0.43 0.49 
Coffee/Tea 0.58 0.83 0.82 0.77 0.70  0.65 0.74 
Alcohol 0.20 0.20 0.12 0.13 0.10  0.14 0.05 
Water 0.88 0.93 0.90 0.93 0.92  0.92 0.85 
Relative weighted row proportions by years living in the US in HCHS/SOL and by urban/rural area in 
ENSANUT 2012 among Mexican-origin Hispanics/Latinos. Darker areas indicate relatively higher 
proportions of consumption among categories for years living in the US categories in HCHS/SOL and 
among urban and rural areas of Mexico in ENSANUT 2012 
Data are from the Hispanic Community Health Survey/Study of Latinos (HCHS/SOL, n=4,380) and 
The 2012 Encuesta Nacional de Salud y Nutrición (ENSANUT 2012, n=296) 
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Figure 4.3. Adjusted mean dietary pattern scores by years living in the US among Mexican-origin Hispanic/Latinos 
in HCHS/SOL 
Estimates are predicted mean dietary pattern scores (95% CIs) by years living in the US adjusted for age (years), sex 
(male/female), education (< high school (HS), HS or equivalent, beyond HS), and site (San Diego/Others). All 
models were survey weighted.  
Data are from the Hispanic Community Health Survey/Study of Latinos (HCHS/SOL, n=4,380)  
and The 2012 Encuesta Nacional de Salud y Nutrición (ENSANUT 2012, n=296) 
































Supplemental Figure 4.1. Country-specific Screeplots from Principal Factor Analysis in HCHS/SOL and 
ENSANUT 2012 
Scree plots of eigenvalues by derived factors in HCHS/SOL and ENSANUT 2012. Principal factor analysis was 
performed on two separate tetrachoric matrixes of correlations among binary food group variables of consumption 
specific to HCHS/SOL and ENSANUT 2012. Food group variables were formed using the average of two, 
nonconsecutive 24HR recalls in each study. Black horizontal line symbolizes Kaiser minimum criterion for factor 























CHAPTER 5: A POSTERIORI DIETARY PATTERNS, INSULIN RESISTANCE, AND 
RISK OF TYPE 2 DIABETES AMONG US HISPANICS/LATINOS OF DIVERSE 
ORIGIN IN HCHS/SOL 
 
Background 
In the US, Hispanics/Latinos of Mexican origin have higher total, diagnosed, and 
undiagnosed type 2 diabetes (T2D) compared to non-Hispanic whites1,2. T2D prevalence is 
highest among individuals of Puerto Rican and Mexican origin and lowest among those with 
South American origin12,61. T2D and associated complications, including cardiovascular disease 
(CVD) and premature death, are expected to worsen among US Hispanics/Latinos9, a population 
expected to represent 1 out of 3 US residents by 20505. Taken together, research focusing on 
culturally relevant interventions to reduce T2D risk in this fast-growing, diverse US population is 
imperative.  
Dietary patterns (DPs) influence T2D risk123. Despite the recognized social, cultural, and 
genetic diversity among US Hispanics/Latinos8-10, however, dietary heterogeneity has been 
inadequately evaluated in this diverse population. In general, studies have documented variation 
in dietary components (e.g. foods/nutrients) and a priori diets by heritage (based on cultural 
origins)11,26,40,63,64,66,99. Unlike a posteriori approaches such as exploratory factor analysis, 
previous methods for defining diets do not fully reflect the types of foods commonly consumed 
together in different heritage groups, possibly missing important and culturally-relevant dietary 
characteristics related  to heritage. Given previous variations in dietary intakes across heritage, 
culturally-relevant a posteriori findings would also be expected to differ by heritage and may
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help explain differential T2D patterning observed across Hispanics/Latinos61. Indeed, studies 
among Hispanics/Latinos have evaluated effect measure modification by heritage of dietary 
associations with T2D and related metabolic conditions/traits26,64, including insulin resistance 
(IR), which plays an important pathophysiological role in the development of T2D47. These 
findings, however, have been cross-sectional and, thus, the directionality of these relationships, 
particularly those involving culturally-relevant, or heritage-specific, diets warrant prospective 
examination.  
Although meta-analysis has reported associations between two prominent yet general a 
posteriori diets (Unhealthy/Western and Healthy/Prudent) and T2D risk124, findings were mostly 
based on predominantly non-Hispanic white samples, limiting generalizability of findings to 
diverse populations such as Hispanics/Latinos. Consequently, other T2D-relevant a posteriori 
DPs, like those reflecting commonly consumed and culturally relevant foods from other 
populations, likely exist but are currently unidentified. Relatedly, the typical Western diet tends 
to promote insulin resistance not fully explained by obesity status47, but whether these 
relationships show similar patterning across heritage has yet to be explored. Therefore, studies 
evaluating associations between culturally-relevant a posteriori DPs and IR and risk of T2D in 
different Hispanic/Latino heritage groups are warranted. 
 This study contributes to the literature by: 1) identifying culturally-relevant a posteriori 
DPs, separately, in several heritage groups (e.g. Cuban, Dominican) without T2D at baseline; 





The Hispanic Community Health Study/Study of Latinos (HCHS/SOL) is the largest 
ongoing US population-based cohort of US Hispanic/Latino adults (n=16,415) aimed at 
examining relevant health determinants, morbidity, and mortality prospectively. Details of the 
sampling methodology have been published elsewhere76,77. Briefly, Hispanic/Latino adults from 
randomly selected households in four US field sites (Bronx, NY; Chicago, IL; Miami, FL; and 
San Diego, CA) completed a baseline examination (2008-2011), annual telephone follow-up 
assessments, and a second clinic examination (2014-2017) to determine incidence of clinical 
cardiovascular and pulmonary events76. Recruitment included a stratified 2-stage probability 
representative sample of households at each site77. Individuals from selected households were 
contacted and screened for eligibility (living in the household, aged 18-74 y, ability to attend a 
clinic visit for baseline examination and data collection (visit 1), and not planning to move from 
the study area within 6 months). Roughly 6 years later, 11,623 participants (70.8%) returned for 
a second visit and underwent similar study protocol for examination and data collection (visit 2). 
Informed consent from all participants and approval by the institutional review boards from all 
participating institutions (e.g. central lab) were obtained. This prospective cohort study was 
registered at clinicaltrials.gov as NCT02060344. 
During both visits, fasting blood samples were collected after an overnight fast and sent 
to a central lab. Glucose and glycosylated hemoglobin (HbA1C) were measured using a 
hexokinase enzymatic method (Roche Diagnostics, Indianapolis, IN) and a Tosoh G7 Automated 
HPLC Analyzer (Tosoh Bioscience Inc., San Francisco, CA), respectively. Fasting insulin was 
measured using ELISA (Mercodia AB, Uppsala, Sweden) and a Roche Elecsys 2010 Analyzer 
(Roche Diagnostics). Participants with a fasting plasma glucose < 150 mg/dL and no previous 
self-reported T2D diagnosis completed a standard 75 g 2-hr oral glucose tolerance test (OGTT). 
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Change in insulin levels was first calculated using the difference between visit values (visit 2 – 
visit 1). Because skewness was not present, we standardized and then categorized these 
differences to reflect improved (≤ -1 SD), unchanged (-1 > SD < 1), or worsened (≥1 SD) insulin 
between visits. We excluded participants with baseline T2D based on either self-report, self-
reported medication for diabetes management125-127, and lab data meeting any of the following 
criteria: plasma glucose (³126 mg/dL), post-OGTT (³200 mg/dL), or HbA1C (³ 6.5%). To 
determine incident T2D cases, we used these same diagnostic criteria at visit 2 in addition to 
self-reported T2D collected during the annual telephone follow-up assessments between visits. 
Two, non-consecutive 24-hr recalls were administered in-person at baseline (1st 
interview) and via telephone £ 30 d of baseline (2nd interview) in the participant’s preferred 
language (English or Spanish) by trained interviewers using the Nutrition Data System for 
Research (NDS-R) software (version 11), which includes the multiple-pass method79. The NDS-
R database includes thousands of common foods, brand-name products, and Hispanic/Latino 
foods and provides values for nutrients, food-group serving counts, and other food components. 
At the baseline interview, a food-amounts booklet was provided to each participant for 
estimating portion sizes during the subsequent telephone interview. 
We formed 34 food groups based on nutritional, cultural, and behavioral relevance, 
previous work (e.g. corn-based foods, burgers, meat and vegetable stews)40,57,74, and 
consumption patterns in the data (Supplemental Table 5.1). Similarly, we grouped recipe name 
(e.g. taco) and ingredients (e.g. corn tortilla, beef, onion) and same-named non-recipe foods. For 
recipes whose food groups overlapped (e.g. rice and bean recipe), we based food group 
assignments on the predominant recipe ingredient (> 50% total g). For remaining non-recipe 
whole foods (e.g. chocolate), we initially applied the University of North Carolina (UNC) food 
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grouping system, which disaggregates the major US Department of Agriculture’s food groups by 
fat and fiber.80 Due to low consumption of some foods across heritage groups, however, we 
aggregated low- and high-nutrient specific food groups (e.g. high- and low-fat milk into milk). 
Additionally, we separated fried from non-fried foods (e.g. fried vs grilled chicken) across food 
groups except for corn-based foods which traditionally include fried/grilled corn tortillas. Lastly, 
food group intakes (grams/day)81,82 were first summed in each 24-hr recall and then averaged for 
each participant. To address skewness due to high proportions of nonconsumers for several 
episodically consumed foods not well captured by 24-hr recalls, we classified all food group 
intakes into 3-level ordinal variables (non-consumers, and below and above the median) based 
on the intakes (grams/day) of each food group in the overall sample. Finally, food groups with 
consumption < 5% in at least one heritage group were either merged with another food group or 
dropped from analysis.  
Questionnaires were interviewer-administered in either Spanish or English at both visits. 
Hispanic/Latino heritage was self-reported at baseline from a list of cultural origin groups, 
including Cuban, Dominican, Mexican, Puerto Rican, Central American, South American, more 
than one heritage, and other. Other sociodemographic data collected included age at time of 
examination (years), sex (male/female), highest education achieved (less than high school (HS) 
diploma, HS diploma or equivalent, beyond HS), and nativity (US-born (only includes 50 states 
and DC)/foreign-born)78. Self-reported physical activity was collected only at baseline using a 
modified Global Physical Activity Questionnaire (GPAQ), which asks about the average time 
and number of days spent on a given activity and inactivity (i.e. sitting or reclining) in work, 
travel, and leisure domains128,129. Physical activity levels were classified based on days and total 
metabolic equivalents (METs, min/d) for moderate and vigorous physical activity (low, 
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moderate/vigorous). Body mass index (BMI) was calculated by dividing measured weight 
(kilograms) by standing height squared (meters2) and categorized based on the World Health 
Organization’s BMI classifications: underweight (BMI < 18.5), normal weight (18.5 ≤ BMI < 
25.0), overweight (25.0 ≤ BMI < 30.0), obesity (BMI ³ 30.0). Due to few observations in the 
underweight category, we collapsed underweight and normal weight classifications. We 
calculated total elapsed time (years) between visits by taking the difference between visit 1 and 
visit 2 dates and dividing by 365.25. Because no significant mean differences were found 
between recalls (data not shown), we averaged total energy intake (kilocalories/day) across 24-hr 
recalls. 
The AHEI-2010 is a diet quality index comprised of the following 11 dietary 
components: 1) vegetables without potatoes; 2) whole fruit; 3) whole grains; 4) sugar sweetened 
beverages and fruit juice; 5) nuts and legumes; 6) red/processed meats; 7) trans fats; 8) long-
chain (n-3) fats (EPA+DHA); 9) polyunsaturated fatty acids (PUFA); 10) sodium; and 11) 
alcohol. This a priori DP was used to evaluate the “healthfulness” of each heritage-specific DP 
based on previous evidence linking it to cardiometabolic disease risk85-87 including the metabolic 
syndrome, a strong predictor of T2D. To construct the AHEI-2010, four steps64 were followed: 
1) at the 24-hr recall level, each component was generated by summing the corresponding 
Nutrition Data System for Research food subgroups85; 2) predicted usual intakes for each 
component were created using the National Cancer Institute method, which considers within- 
and between-person variation in each component and accounts for the high intraindividual 
variation innate in 24-hr recalls88; 3) scores for each component were generated and ranged from 
0 (worst) to 10 (best); and 4) scores for each component were summed and ranged from 0 to 110, 
with higher scores indicating diet “healthfulness”. 
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We derived heritage-specific DPs in each Hispanic/Latino heritage group using principal 
factor analysis (PFA), which empirically derives factors/DPs in decreasing order of the amount 
of variance they explain. Because PFA typically requires a large sample size for stable 
correlations between input variables93, we used the largest eligible sample (i.e. nonmissing data 
on heritage and two plausible/reliable 24-hr recalls) in each heritage group to derive heritage-
specific DPs at baseline (overall, n=11,215; see Supplemental Figure 5.1). We additionally 
excluded individuals with baseline T2D given evidence showing variation in dietary intakes by 
T2D status in HCHS/SOL63. Details of the PFA methodology used here have been previously 
described (Aim 1 Citation). Briefly, we generated matrixes of polychoric correlations between 
the 34 three-level ordinal food group intake variables in each heritage group, separately, and then 
performed PFA on each heritage-specific matrix with orthogonal (varimax) rotation to improve 
interpretability and minimize correlations of derived factors28. Factor retention was guided using 
a modified Delphi approach, a widely used method soliciting the opinions of experts to establish 
a convergence of opinion91. Three investigators (LEM, LA, SSA) each drew independent 
conclusions regarding factor retention in each heritage group based on scree plots (see 
Supplemental Figure 5.2), factor loadings, variance explained by factors, interpretability of 
factors, and consistency with the extant literature19,29,92 Then, they convened to compare, discuss, 
and reconcile conclusions regarding factor retention in each group. We generated individual DP 
scores by multiplying the scoring coefficient of each food group by the individual’s 
corresponding food group intake category (non-consumer, below or above the median) and 
summing across food groups. Initially, we characterized heritage-specific DPs based on the 
largest positive food group factor loadings (>0.20)19,94-96. Given commonality in the types of 
foods shared among heritage-specific findings, we identified overarching DPs based on food 
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groups with similarly high loadings shared by two or more heritage groups. Lastly, we divided 
DP scores into quintiles and evaluated mean AHEI-2010 scores by quintiles to help further 
characterize DPs19,94. 
Except for PFA, we survey-weighted all statistical analyses using standard statistical 
syntax28. Of the 16,415 adults enrolled at baseline, 11,623 returned for the second clinic visit. Of 
these, we excluded participants based on: T2D at baseline (n=2,541), missing insulin data at 
either visit (n=190), reported fasting less than 8-hrs prior to either clinic visit (n=48), only one 
24-hr dietary recall (n=454), any recall showing estimated energy intakes below or above 
corresponding 1st and 99th sex-specific percentiles in HCHS/SOL or deemed unreliable by the 
interviewer (n=335)26, or self-reported heritage as more than one or other (n=238). We 
additionally excluded participants with missing data on relevant baseline covariates, including 
BMI (n=11), education (n=9), nativity (n=1), or self-reported physical activity (n=21). These 
exclusions yielded a final overall sample of 7,775 and the following heritage-specific samples: 
Cuban (n=1,177), Dominican (n=681), Mexican (n=3,352), Puerto Rican (n=1,068), Central 
American (n=877), and South American (n=620). 
Using all HCHS/SOL participants, we evaluated the potential for selection bias having 
been introduced in our study by testing baseline sociodemographic differences between the 
overall analytic sample (referent) and individuals lost-to-follow-up, individuals with T2D at 
baseline, and those excluded for other reasons including missing data and fasting < 8-hrs. Only 
using overall analytic sample, we ran cox proportional hazards models to estimate T2D incidence 
rates by heritage and sex using the largest heritage group (Mexican) as the referent. We stratified 
subsequent analyses by heritage. We tested differences in baseline sociodemographic and health 
characteristics by incident T2D status in each Hispanic/Latino heritage group using t-tests for 
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continuous and symmetrical variables and Pearson chi-square tests for categorical variables. To 
evaluate associations between baseline DPs and IR, we used multivariate multinomial logistic 
regression to estimate likelihoods of having worsened and unchanged (versus improved) changes 
in insulin levels comparing higher-to-lowest quintiles of DPs in each heritage group. 
Additionally, we evaluated multivariate logistic regression models to assess relationships 
between baseline DPs and incident T2D (cumulative incident proportion). P-trend values were 
calculated by including the midpoint of each quintile of each dietary pattern as a continuous 
variable (score units). All models adjust for elapsed time between baseline and follow-up and 
baseline covariates, including age, sex, education, nativity, total energy intake, and physical 
activity. Lastly, to understand whether DPs influence change in fasting insulin levels and risk of 
T2D independent of body adiposity, we additionally adjusted final models for BMI (see 
Supplemental Tables 5.2A and 5.2B).   
In sensitivity analyses, we tested mean AHEI-2010 score differences by quintiles of each 
derived DP after adjusting for age, sex, and education to assess whether derived DPs correlate 
with a measure of diet “healthfulness”. Because we found significant differences in baseline 
fasting insulin values by heritage (data not shown), we also evaluated models concerning change 
in insulin levels before and after adjustment for baseline fasting insulin values. We conducted all 
analyses in Stata version 14.2 (Stata Corp, College Station, Texas) and set statistical significance 
at p<0.05.  
Results 
 Table 5.1 displays baseline sociodemographics by inclusion and exclusion criteria used 
in the present analysis. Compared to those in the overall analytic sample, participants free of 
T2D at baseline who did not return for their second clinic visit (lost-to-follow-up) were 
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significantly more likely to be younger, male, foreign-born, and less likely to report an education 
beyond HS, and have lower mean AHEI-2010 diet quality scores.  
Table 5.2 reports age- and sex-adjusted T2D incidence rates (IRs) by Hispanic/Latino 
heritage. Compared to Hispanics/Latinos of Mexican heritage, only those of Dominican, Central 
American, and South American origin had significantly lower T2D incidence rates (all P<0.01). 
T2D IRs did not significantly differ by sex (data not shown).  
Table 5.3 shows baseline characteristics by 6-yr incident T2D case status stratified by 
heritage. While age and BMI were significantly and positively associated with incident T2D case 
status across heritage, findings for sex were null across groups. Other characteristics were 
significantly associated with 6-yr T2D incidence depending on the heritage group. For example, 
the percentages of having received a high school diploma/equivalent or pursued education 
beyond high school were significantly greater among non- versus incident T2D cases but only in 
Mexicans and South Americans. Meanwhile, the proportions of those born in the US and 
reported engaging in moderate/vigorous PA at baseline were significantly higher among non- 
versus incident T2D cases only in Dominicans and Mexicans. Additionally, elapsed time 
between visits (only Mexican) and energy intake (only Dominican) were significantly higher 
among non- versus incident T2D cases only in Mexicans and only in Dominicans, respectively. 
Lastly, findings for change in insulin levels by incident T2D status were null only among 
Dominicans.  
 Table 5.4 demonstrates derived heritage-specific principal factors and factor loadings by 
overarching DPs in HCHS/SOL. We derived a total of 19 heritage-specific factors (Cubans, n=4; 
Dominicans, n=2; Mexicans, n=3; Puerto Ricans, n=4; Central Americans, n=3; South 
Americans, n=3). The overall variance explained by heritage-specific derived factors ranged 
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from a low of 8.1% in Cubans to a high 26.6% in Mexicans. All of these findings contributed to 
5 overarching patterns, each encompassing factors with high-loading foods shared by two or 
more heritage groups. For example, burgers, fries, soft drinks, and pizza showed similarly high 
loadings for the first factor derived across all heritage groups (except South Americans whose 
second derived factor showed similar high loadings on these foods). Thus, we classified these 
heritage-specific factors under an overarching Western DP, the only overarching DP including 
findings from all heritage groups. After this first common Western DP, subsequently derived 
DPs were more heritage-specific, as the number of foods shared by different heritage groups 
decreased. For instance, we identified an overarching Traditional DP characterized by similarly 
high loadings on white rice, beans, and red meats (pork or beef) in all groups except South 
American. Additional overarching DPs identified included a Fish & Whole Grains DP 
characterized by fish and whole grains in Cubans, Mexicans, Puerto Ricans, and South 
Americans; a Cheese & Sweets DP characterized by cheese, sweets, noodle-based foods, and 
fried foods in Cubans and South Americans; and, lastly, Stew DP characterized by stew and 
corn-based foods in Puerto Ricans and Central Americans. Finally, AHEI-2010 showed 
significantly inverse linear trend across all Western DPs except for South American and 
Traditional DPs in Cubans and Central Americans, while significantly positive linear trends were 
observed across all Fish & Whole Grains DPs, Traditional DP in Mexicans, and the Cheese & 
Sweets and Stew DPs in Cuban and Puerto Rican, respectively (Bonferroni-corrected pairwise 
comparisons and linear trends, P < 0.01; see Supplemental Figure 5.3). Findings were null for 
remaining DPs.   
  Figure 5.1 shows likelihood estimates (log-odds) of having worsened and unchanged 
(versus improved) insulin over time comparing highest-to-lowest quintiles of each DP at 
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baseline, adjusting for elapsed time and baseline covariates, including age, sex, education, 
nativity, total energy intake, physical activity, and BMI. Because sensitivity analyses for change 
in insulin levels generally demonstrated differences in starting insulin values across heritage at 
baseline, we additionally adjusted final multinomial logistic models for log-transformed baseline 
insulin (data not shown). In general, the likelihood of having worsened and unchanged FI (versus 
improved) was higher when comparing highest-to-lowest quintiles among the common Western, 
Traditional, and Fish & Whole Grains DPs. These findings showed significantly greater 
likelihood of having worsened insulin over time for the common Western DP only in 
Dominicans (log-odds: 3.97, 95% CI: 1.63, 6.31) and having worsened and unchanged insulin 
over time for the Traditional DPs only among Dominicans (Worsened log-odds: 2.97, 95% CI: 
2.97, 95% CI: 0.70, 5.24; Unchanged log-odds: 1.80, 95% CI: 0.21, 3.40) and Central Americans 
(Worsened log-odds: 2.99, 95% CI: 0.77, 5.20; Unchanged log-odds: 2.83, 95% CI: 0.74, 4.92, 
Ptrend=0.018). While findings were generally mixed for Cheese & Sweets and Stew common 
DPs, we only found the Puerto Rican Stew DP to be significantly associated with lower 
likelihood of having worsened versus improved insulin (log-odds: -2.13, 95% CI: -3.82, -0.43; 
Ptrend=0.022) over time, and the Central American Stew DP to be significantly associated with 
significantly greater likelihood of having worsened- (log-odds: 2.57, 95% CI: 0.04, 5.10) and 
unchanged (log-odds: 3.51, 95% CI: 1.57, 5.45; Ptrend=0.005) relative to improved insulin over 
time.  
 Table 5.5 shows odds ratios for incident T2D by baseline common DPs for each 
Hispanic/Latino heritage group in HCHS/SOL adjusting for elapsed time and baseline covariates, 
including age, sex, education, nativity, energy intake, and physical activity. We additionally 
adjusted for BMI given general evidence of confounding by BMI across heritage (see 
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Supplemental Table 2A and 2B). Comparing highest-to-lowest DP quintiles for the common 
Western and Traditional DPs were generally associated with greater odds of being diagnosed 
with T2D by 6 years, showing statistically significant findings for Puerto Ricans (only Burger 
OR: 2.83, 95% CI: 1.40, 5.72; Ptrend=0.005) and Central Americans (White Rice OR: 4.40, 95% 
CI: 1.06, 18.20; Ptrend=0.016). In contrast, the Fish & Whole Grains DPs were generally 
inversely associated with 6-yr T2D risk, though results were not statistically significant. The 
Cheese & Sweets DP in Cubans was significantly associated with a lower odds of having 
developed T2D by 6 years (OR: 0.44, 95% CI: 0.20, 0.96). Findings for the Stew DPs were null.  
Discussion 
In a large prospective cohort of US Hispanics/Latinos of diverse origin aged 18-74 y, we 
identified 5 overarching DPs characterized by similarly high intakes of foods shared by two or 
more heritage groups and, depending on the group, found DPs to significantly and prospectively 
predict changes in insulin and T2D risk over a 6-yr period after adjusting for relevant covariates. 
For instance, adhering to a Western and Traditional DP appeared to be associated with 
unfavorable change in insulin levels over time in Cuban, Dominican, and Mexican (only 
Western) heritage groups. Similarly, Western and Traditional DPs were significantly associated 
with T2D risk but only in Puerto Ricans and Central Americans, respectively. Conversely, 
adhering to a Stew and Cheese & Sweets DP was significantly associated with improved insulin 
in Puerto Ricans and lower T2D risk in Cubans, respectively.  
  Our findings for a posteriori DPs were similar to those separately derived in heritage 
groups including individuals with baseline T2D (Aim 1) and generally corroborate previous 
work characteristically similar to DPs found to be associated with IR and T2D risk. In general, 
DPs characterized by higher intakes of refined grains, processed meats, fried potatoes, and 
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sweet/sugary drinks have been associated with higher T2D risk, while DPs characterized by 
higher intakes of fruit, vegetables, poultry, fish, and whole grains decreased risk123,124,130. 
Prospective findings evaluating DPs and IR were similar47,131-133. Most of these foods 
characterized the overarching Western, Traditional, and Fish & Whole Grains DPs in our study, 
although only the Western DP in Puerto Ricans and Traditional DP in Central Americans were 
significantly linked to increased T2D risk in their respective heritage groups. Direction among 
remaining Western and Traditional DPs was generally consistent. Similarly, although none of the 
Fish & Whole Grains DPs in our study were significantly linked to T2D, they generally suggest 
decreased risk. Although Cubans in our study showed a common Cheese & Sweets DP to be 
significantly associated with lower T2D risk, this DP was characterized by higher intakes of 
generally high-risk foods, including cheese, sweets, and noodle-based foods (refined). In 
contrast, this same DP also showed higher intakes of corn-based foods (mostly corn tortillas, a 
low glycemic index food with high fiber content134) and lower intakes of beef, beans, and white 
rice.  
 Findings for T2D were significant only for the Puerto Rican Western and Central 
American Traditional DPs among Western and Traditional DPs, despite other heritage-specific 
DPs under these common DPs also having similarly high loadings for the same risk-increasing 
dietary components. The following may be some explanations. A caveat of forming food groups 
based on cultural and behavioral value versus nutrient value is that the derived DPs that may not 
maximally explain variation relevant for the outcome of interest135. A closer look at the Puerto 
Rican Western and Central American Traditional DPs and their associations with a diet quality 
index (alternative healthy eating index (AHEI)-2010), which has also been shown to be 
associated with lower T2D risk123, reveals these DPs to have generally worse diet quality scores 
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compared to the other DPs in their respective overarching DP groups (see Supplemental Figure 
5.1). For instance, the Puerto Rican Western DP had the worst mean diet quality scores across 
quintiles while the Central American Traditional DP had the largest gap in diet quality scores 
comparing highest-to-lowest quintiles.  
Our study is the first to prospectively examine associations between culturally-relevant 
DPs and T2D and relevant T2D markers in different Hispanics/Latinos. However, because DPs 
in this study were derived separately in each heritage group, we could only qualitatively compare 
findings across heritage based on commonly consumed foods across groups. Another limitation 
in our approach was grouping recipes and their ingredients together, making it difficult to know 
which ingredients or combinations thereof are mostly responsible for observed effects (e.g. 
meat/vegetable stew). This study comprehensively documents the actual consumption of whole 
foods and recipe ingredients (e.g. cereal and milk). Because DPs in this study were derived with 
a greater focus on cultural versus nutrient value, findings for T2D were not expected to be 
consistent with previous work, yet our findings showed higher consumption of key foods 
consistent with those defining DPs associated with T2D risk in previous work.  
Nevertheless, this study has some limitations. First, because dietary data were collected 
only at baseline, we could not account for changes in diet over an average of 6 years, which 
could influence changes in insulin and T2D status. Compared to individuals in the overall 
analytic sample, participants lost-to-follow-up were more likely to be younger, male, foreign-
born, less likely to report an education beyond HS, and have lower mean AHEI-2010 diet quality 
scores, all of which have been shown to be risk factors for T2D development. Although it is 
difficult to determine the direction in which our estimates were biased, these findings suggest the 
bias is likely toward the null and, thus, our findings might be underestimated. Taken together, 
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our study underscores dietary heterogeneity across a large sample of US Hispanics/Latinos of 
diverse heritage without diabetes and identified culturally-relevant DPs adversely and favorably 
associated with change in insulin levels over time and T2D risk, depending on the heritage 




Tables and figures 
Table 5.1. Baseline sociodemographics by exclusion criteria used in HCHS/SOL 
Values are means (SD) unless otherwise noted. All analyses were weighted for 
survey design. Sample sizes are unweighted. 
a Analytic Sample (referent) 
b Baseline type 2 diabetes (Baseline T2D) 
c Other criteria included missing covariate data and fasting < 8-hrs 




 Exclusion Criteria 
















Sex (F) (%) 0.56  0.45*** 0.55*** 0.54 
US-Born (%) 0.19  0.30*** 0.12*** 0.34*** 
Education status (%)      
< High School (HS) 0.29  0.30 .46*** 0.31 
HS education or equivalent 0.28  0.31* .23*** 0.26 
> HS education 0.42  0.38** .32*** 0.43 
Heritage group (%)      
Cuban 0.21  0.19 0.22 0.14*** 
Dominican 0.09  0.11 0.10 0.10 
Mexican 0.42  0.34*** 0.36*** 0.27*** 
Puerto Rico 0.13  0.18*** 0.20*** 0.18* 
Central American 0.08  0.08 0.07 0.05*** 
South American 0.06  0.05 0.03*** 0.04** 
















 IR  
 IR 95% CI  
Mexican  8.09 (5.54, 10.64)  
Dominican  5.89 (3.27,  8.50)  
Cuban  6.45 (3.77,  9.13)  
Puerto Rican  7.77 (5.14, 10.39)  
Central American  4.72 (2.49,  6.95)  
South American  5.43 (3.00,  7.87)  
Incidence Rates, IR; Confidence Intervals, CI;  
Hispanic Community Health Survey/Study of Latinos, 
HCHS/SOL 
IRs are from survey-weighted cox proportional hazard 
model 




Table 5.3. Baseline characteristics by 6-yr incident type 2 diabetes (T2D) case status in each 
Hispanic/Latino heritage group in HCHS/SOL (n=7,775) 
Characteristics 
Cuban Dominican Mexican 
(n=1,177) (n=681) (n=3,552) 
No T2D T2D No T2D T2D No T2D T2D 
(n=1,007) (n=170) (n=588) (n=93) (n=2,753) (n=599) 














Female (%) 0.48 0.48 0.56 0.69 0.54 0.53 
Education status (%) 
      
< High school 0.17 0.21 0.36 0.44 0.30** 0.42** 
High school or 
equivalent 0.29 0.27 0.22 0.22 0.34** 0.28** 
> High school 0.54 0.53 0.41 0.34 0.36** 0.30** 
Center site (%) 
      
Bronx, NY 0.01 0.02 0.94 0.97 0.10 0.08 
Chicago, IL 0.01 0.01 0.01 0.01 0.27 0.24 
Miami, FL 0.97 0.97 0.05 0.02 0.01 0.01 
San Diego, CA 0.01 NC† 0.00 NC 0.63 0.67 
US-Born (%) 0.09 0.06     0.15***      0.01***     0.26***     0.14*** 
Health characteristics 
      
Moderate/vigorous PA (%)a 0.50 0.51 0.63*** 0.49*** 0.65*** 0.62*** 
Elapsed time between 
visits 
5.91 (0.1) 5.97 (0.1) 6.06 (0.1) 6.09 (0.2) 6.21 (.03)* 6.10 (0.1)* 
Total energy intake 
(kcals/d) 














BMI classifications (%)c       
Normal (BMI <25) 0.28*** 0.08*** 0.25*** 0.14*** 0.26*** 0.11*** 
Overweight (25£ BMI 
<30)  0.38*** 0.37*** 0.41*** 0.23*** 0.40*** 0.36*** 
Obese (BMI >30) 0.33*** 0.55*** 0.33*** 0.63*** 0.34*** 0.53*** 
Fasting Insulin, change 
(%) 
  
    
Worsened 0.06*** 0.19*** 0.06 0.11 0.08*** 0.20*** 
Unchanged 0.86*** 0.77*** 0.88 0.82 0.85*** 0.72*** 







Table 5.3. (CONTINUED) 
 Values are means (SEs) unless otherwise specified and account for survey design. Sample sizes are unweighted. 
a Baseline self-reported physical activity level (low, moderate/vigorous) based on days and total metabolic 
equivalents (METs,  min/d) for moderate and vigorous physical activity assessed using a modified Global Physical 
Activity Questionnaire (GPAQ), which asks about activity and inactivity (i.e. sedentary behavior) in several life 
domains (work, travel, leisure)  
b AHEI,2010 = Alternative healthy eating index (2010) 
c Body mass index (BMI) cutoffs based on the World Health Organization’s classifications; Normal BMI category 
includes underweight due to small cell sizes 
† Not calculated (NC) due to zero observations in those cells 
* p<0.05, ** p<0.01, *** p<0.001 
 
Characteristics 
Puerto Rico Central American South American 
(n=1,068) (n=877) (n=620) 
No T2D T2D No T2D T2D No T2D T2D 
(n=841) (n=227) (n=765) (n=112) (n=558) (n=62) 














Female (%) 0.49 0.45 0.50 0.52 0.55 0.50 
Education status (%) 
      
< High school 0.33 0.30 0.39 0.34 0.18** 0.39** 
High school or 
equivalent 0.28 0.34 0.24 0.20 0.26** 0.13** 
> High school 0.39 0.35 0.36 0.46 0.56** 0.48** 
Center site (%) 
      
Bronx, NY 0.71 0.62 0.18** 0.13** 0.18 0.32 
Chicago, IL 0.22 0.28 0.13** 0.31** 0.23 0.25 
Miami, FL 0.04 0.03 0.65** 0.53** 0.54 0.32 
San Diego, CA 0.03 0.07 0.04** 0.03** 0.05 0.11 
US-Born (%) 0.56 0.46 0.07 0.03 0.05 0.12 
Health characteristics 
      
Moderate/vigorous PA 
(%)a 0.62 0.63 0.60 0.56 0.60 0.53 
Elapsed time between 
visits 
6.15 (0.1) 6.35 (0.1) 6.06 (0.1) 5.89 (0.1) 5.9 (0.1) 5.82 (0.1) 
Total energy intake 
(kcals/d) 
1910 (34) 1862 (112) 1923 (45) 1824 (77) 1905 (40) 1867 (111) 
AHEI-2010b 41.3 (0.3) 41.9 (0.5) 46.6 (0.3)* 48.6 (0.9)* 45.5 (0.3)* 48.3 (1.3)* 
BMI classifications 
(%)c 
      
Normal (BMI <25) 0.27** 0.11** 0.30*** 0.06*** 0.30** 0.10** 
Overweight (25 £ 
BMI <30)  0.36** 0.35** 0.39*** 0.29*** 0.44** 0.45** 
Obese (BMI >30) 0.38** 0.54** 0.31*** 0.65*** 0.25** 0.46** 
Fasting Insulin, change 
(%)    
   
Worsened 0.08* 0.16* 0.09* 0.22* 0.07** 0.09** 
Unchanged 0.82* 0.74* 0.82* 0.69* 0.87** 0.71** 




Table 5.4. Heritage-specific principal factors and factor loadings by overarching dietary patterns 
across Hispanic/Latino heritage groups without type 2 diabetes at baseline in HCHS/SOL 
(n=11,125) 
Food Groups 
 Western Traditional 
CUB DOM MEX PRC CAM SAM CUB DOM MEX PRC CAM 
F1 F1 F1 F1 F1 F2 F3 F2 F3 F2 F3 
Cheese         0.21 0.24 0.21     
Milk                   
Fruit  -0.30 -0.26 -0.30 -0.32     -0.23     -0.21 
NS. Vegsa  -0.28  -0.26 -0.21       0.24     
S. Vegsa -0.23 -0.25    -0.21   0.53 0.23   0.30 
Salads  -0.21  -0.24 -0.23             
Fish     -0.27 -0.28     -0.23   -0.20   
Poultry             0.21   0.22 
Pork -0.20      -0.21 0.42 0.35 0.22 0.49   
Beef           0.36 0.28 0.22 0.57 
Proc. Meats         0.32 0.39 0.29     
Burgers 0.80 0.65 0.69 0.70 0.75 0.78           
Fries 0.56 0.66 0.71 0.66 0.66 0.60           
Fried  0.46 0.20               
Pizza 0.36 0.53 0.26 0.25 0.22 0.23       -0.23   
Dessert                   
Sweets                   
Salty Snacks    0.22               
Refined Grains                   
Cereal      -0.22   -0.27   -0.22     
Whole Grains  -0.23  -0.24 -0.36   -0.33       -0.24 
Corn-based    -0.20               
Stew -0.25                  
Beans       -0.21   0.31 0.39 0.55 0.20 
Eggs           0.49 0.27     
White Rice -0.22      -0.24 0.22 0.31 0.31 0.83 0.54 
Noodle-based 0.27                  
Sandwiches 0.35 0.43 0.29 0.21  0.35           
Soups     -0.29  -0.21   -0.21 -0.20   -0.37 
Soft drinks 0.52 0.76 0.42 0.58 0.63 0.31 0.52       0.38 
Flavored drinks           0.23       
Coffee/Tea     -0.22      -0.25       
Alcohol  0.24 0.21 0.24 0.22   0.40   0.27   0.28 
Water  -0.30   -0.27             





Table 5.4 (CONTINUED) 
 
Food Groups 
Fish & Whole Grains Cheese Stew 
CUB MEX PRC SAM CUB SAM PRC CAM 
F4 F2 F3 F1 F2 F3 F4 F2 
Cheese 0.26   0.31   0.43 0.29   0.45 
Milk                 
Fruit   0.22   0.28     0.21   
NS Vegsa   0.21 0.24 0.33         
Starchy Vegsa   0.21 0.28           
Salads 0.22 0.46             
Fish 0.50 0.27 0.41 0.30       -0.31 
Poultry 0.47 0.31       0.22 -0.62   
Pork     -0.21 -0.45         
Beef         -0.49       
Proc. Meats 0.21   0.46           
Burgers                 
Fries                 
Fried       -0.22 0.20 0.23     
Pizza               -0.51 
Dessert           0.24     
Sweets         0.23 0.33     
Salty Snacks       0.22         
Refined Grains       -0.21   0.21     
Cereal   0.22   0.35         
Whole Grains 0.20 0.30 0.26 0.54         
Corn-based   -0.49     0.28   0.27 0.45 
Stew -0.55 -0.26       -0.39 0.63 0.33 
Beans   -0.23     -0.40     0.42 
Eggs     0.36     0.22   0.37 
White Rice       -0.29 -0.53 -0.29     
Noodle-based         0.23 0.30   -0.25 
Sandwiches     -0.22     0.21   -0.26 
Soups -0.21         -0.27   0.25 
Soft drinks   -0.35   -0.58         
Flavored drinks                 
Coffee/Tea           0.22     
Alcohol     0.33     0.43     
Water     0.24 0.39         
Variance (%)b 7.9 17.6 8.8 16.1 11.7 11.7 10.0 8.3 
Hispanic Community Health Survey/Study of Latino, HCHS/SOL; 
Cuban, CUB (n=1,722); Dominican, DOM (n=1,019); Mexican, MEX (n=4,592); Puerto Rican, PRC (n=1,677); 
Central American, CAM (n=1,262); South American, SAM (n=853).  
All factors (F) were rotated orthogonally (varimax); Factor loadings ≥ 0.20 only show for simplicity and those ≥ 0.30 
are bolded. Data are from heritage-specific principal factor analyses performed on polychoric correlation matrixes of 
ordinal food groups (nonconsumers, below and above the median intake (grams) of the overall sample). Food groups 
(g/d) were formed and averaged using two, nonconsecutive 24HR recalls from each participant  
a Other abbreviations: Nonstarchy (NS) Vegetables (Vegs); Processed (Proc) 




Table 5.5. Risk of type 2 diabetes (T2D) by a posteriori dietary patterns from each 
Hispanic/Latino heritage group in HCHS/SOL (n=7,775) 
 Dietary Patterns 
Q1 Q2 Q3 Q4 Q5 
Ptrend 
Ref OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
Western       
Cuban 1.00 0.80 (0.44,1.46) 0.71 (0.37,1.36) 1.01 (0.56,1.85) 0.72 (0.37,1.42) 0.659 
Dominican 1.00 1.32 (0.56,3.09) 1.38 (0.57,3.32) 1.32 (0.54,3.22) 1.40 (0.54,3.61) 0.552 
Mexican 1.00 0.86 (0.55,1.33) 1.22 (0.75,1.99) 1.31 (0.84,2.06) 1.10 (0.68,1.78) 0.592 
Puerto Rican 1.00 1.56 (0.86,2.84) 1.27 (0.69,2.34) 2.41 (1.20,4.84) 2.83 (1.40,5.72) 0.005 
Central American 1.00 0.80 (0.36,1.79) 1.17 (0.42,3.22) 1.45 (0.45,4.67) 1.68 (0.50,5.64) 0.343 
South American 1.00 1.52 (0.55,4.23) 0.93 (0.38,2.28) 0.54 (0.17,1.67) 0.67 (0.22,2.02) 0.177 
Traditional       
Cuban 1.00 1.08 (0.56,2.07) 1.09 (0.49,2.41) 1.70 (0.88,3.29) 1.57 (0.78,3.15) 0.046 
Dominican 1.00 1.90 (0.80,4.51) 1.80 (0.62,5.20) 1.51 (0.53,4.33) 2.08 (0.80,5.40) 0.266 
Mexican 1.00 1.14 (0.70,1.86) 1.24 (0.71,2.16) 1.12 (0.72,1.74) 1.09 (0.65,1.85) 0.840 
Puerto Rican 1.00 0.38 (0.19,0.77) 1.18 (0.61,2.26) 0.74 (0.36,1.51) 0.66 (0.32,1.37) 0.723 
Central American 1.00 1.40 (0.45,4.39) 0.95 (0.36,2.49) 4.08 (1.20,13.87) 4.40 (1.06,18.20) 0.016 
Fish       
Cuban 1.00 1.00 (0.46,2.16) 2.59 (1.25,5.37) 1.55 (0.77,3.11) 1.45 (0.58,3.60) 0.246 
Mexican 1.00 0.84 (0.54,1.31) 0.89 (0.58,1.37) 1.25 (0.81,1.92) 0.87 (0.55,1.39) 0.970 
Puerto Rican 1.00 0.73 (0.35,1.53) 0.59 (0.32,1.10) 0.64 (0.34,1.20) 0.65 (0.32,1.32) 0.281 
South American 1.00 0.50 (0.18,1.39) 0.76 (0.26,2.26) 0.93 (0.32,2.71) 0.60 (0.22,1.63) 0.482 
Cheese       
Cuban 1.00 0.70 (0.32,1.52) 0.73 (0.34,1.54) 0.79 (0.37,1.69) 0.44 (0.20,0.96) 0.099 
South American 1.00 1.40 (0.42,4.62) 1.59 (0.45,5.57) 1.84 (0.65,5.20) 1.14 (0.35,3.76) 0.767 
Stew       
Puerto Rican 1.00 1.53 (0.74,3.18) 0.79 (0.38,1.64) 0.67 (0.33,1.36) 0.97 (0.50,1.89) 0.359 
Central American 1.00 1.73 (0.70,4.24) 2.67 (0.98,7.24) 2.22 (0.59,8.35) 1.74 (0.39,7.67) 0.324 
Hispanic Community Health Survey/Study of Latino, HCHS/SOL 
Estimates are adjusted odds ratios ORs (95% CIs) of having T2D at 6 years by quintiles (Q1 (ref)) of baseline a 
posteriori dietary patterns from each Hispanic/Latino heritage group in HCHS/SOL: Cuban (n=1,177), Dominican 
(n=681), Mexican (n=3,552), Puerto Rican (n=1,068), Central American (n=877), South American (n=620).  
All models were survey weighted and adjusted for age (y), sex(male/female), elapsed time between baseline and 
follow-up (y), baseline self-reported highest education achieved (<high school (HS), HS/equivalent, >HS), nativity 
(US-born (US states only), foreign-born), total energy intake (kcals), body mass index classification (<25, 25-29, 
>30), and baseline self-reported physical activity level (low, moderate/vigorous) based on days and total metabolic 
equivalents (METs, min/d) for moderate and vigorous physical activity assessed using a modified Global Physical 
Activity Questionnaire (GPAQ), which asks about activity and inactivity (i.e. sedentary behavior) in several life 
domains (work, travel, leisure).  
Ptrend values were calculated by including the midpoint of each quintile of each a posteriori dietary pattern as a 




Figure 5.1. Likelihood estimates (log-odds) of worsened and unchanged (versus improved) insulin over time by 
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Figure 5.1 (CONTINUED) 
Likelihood estimates (log-odds) are from multinomial logistic regression models estimating the likelihood of having 
worsened and unchanged (versus improved) insulin over time comparing by quintiles (Q1, referent) of baseline a 
posteriori DP from each Hispanic/Latino heritage group: Cuban (n=1,177), Dominican (n=681), Mexican (n=3,552), 
Puerto Rican (n=1,068), Central American (n=877), South American (n=620). All models were survey weighted and 
adjusted for elapsed time between baseline and follow-up (years) and the following baseline covariates: self-reported 
highest education achieved (<high school (HS), HS/equivalent, >HS), nativity (US-born (US states only), foreign-
born), energy intake (kcals/d), body mass index classification (<25, 25,29, >30), natural log of fasting insulin, and 
self-reported physical activity level (low, moderate/vigorous) based on days and total metabolic equivalents (METs, 
min/d) for moderate and vigorous physical activity assessed using a modified Global Physical Activity Questionnaire 
(GPAQ), which asks about activity and inactivity (i.e. sedentary behavior) in several life domains (work, travel, 
leisure). Ptrend values were calculated by including the midpoint of each quintile of each dietary pattern as a 
continuous variable (score units). Full lines indicate statistical significance comparing the highest-to-lowest Qs. 
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Supplemental Table 5.1. Food groups used for each principal factor analysis in each 
Hispanic/Latino heritage group 
Food Groups (n=35) Examples* 
Cheese queso fresco, queso blanco, mozzarella cheese 
Milk unflavored milk (mostly)**, yogurt, smoothies 
Fruit bananas, apples, oranges, grapes   
Non-starchy veg tomato, mixed veg, lettuce, cactus pads (nopales)  
Starchy veg plantains, yuca blanca, mashed potatoes, potatoes 
Salads tossed salads, lettuce salads, caesar salads 
Fish & Whole Grains tilapia, shrimp, salmon, bacalao, catfish, calamari 
Poultry chicken (breast, drumstick, leg, wing)   
Pork pork (chops, steak, ribs, cubes)   
Beef bistec, beef (steak, sirloin, meatballs), ropa vieja 
Processed meats bacon, sausage, ham, salami, corned beef  
Westerns hamburger or ground beef and buns  
Fries french fries (mostly), hashed brown potatoes 
Fried dishes fried (rice & vegetables, chicken, pork chunks), empanadas 
Pizza pizza       
Dessert pan dulce, ice cream, cookies, cake  
Sweets Chocolate candy, ice popsicle, gelatin  
Salty snacks crackers, tortilla/nacho chips, potato chips  
Refined grains Mostly (white breads with toppings (e.g. cream cheese, butter) & rolls) 
Cereal ready-to-eat cereals & milk (mostly), with or without milk (oatmeal, granola) 
Whole grains Mostly (whole wheat bread & toppings (e.g. cream cheese, butter, jelly) 
Corn-based foods corn tortillas (mostly), tacos, tamales  
Meat & veg stews carne guisada (beef stew), picadillo de carne (ground meat & tomato) 
Beans beans (pinto, black, red; mostly), lentils   
Eggs scrambled eggs, fried eggs, boiled eggs  
Rice white rice (mostly), rice and beans   
Noodle-based foods spaghetti noodles & sauce, ramen noodle, macaroni & cheese 
Sandwiches & rolls sandwiches, hot dogs, burritos   
Soups chicken & veg soup, noodle/pasta soup, pozole, caldo de res (beef soup) 
Soft bevs mostly (coke, pepsi, sprite), diet soda  
Flavored drinks fruit juices or drinks (e.g. orange, apple), gatorade, fruit punch,  horchata 
Coffee/tea coffee & milk/cream (mostly), tea (with or without milk/cream) 
Alcoholic bevs beer (mostly), wine, spirits    
Water tap water, bottled water    
Miscellaneous*** herbalife formulated products (e.g. shakes), dairy alternatives 
FGs represent the average (grams) of two, non-consecutive 24-hr recalls per participant in the Hispanic Community 
Health Survey/Study of Latinos free of type 2 diabetes at baseline (n=11,125) 
*Examples are listed in descending order of frequency for each FG in the combined sample 
**Examples were labeled mostly if they comprised => 50% of the foods in their respective FGs 





Supplemental Table 5.2A. Likelihood estimates (log-odds) of worsened fasting insulin levels 
(versus improved) by quintiles of common dietary patterns in each Hispanic/Latino heritage 





Quintile 2 Quintile 3 Quintile 4 Quintile 5 
" (95% CI) " (95% CI) " (95% CI) " (95% CI) 
Western     
Cuban     
M 1 0.83 (-0.51,2.17) 0.84 (-0.53,2.22) 0.64 (-0.76,2.03) 1.32 (-0.15,2.80) 
M 2 1.00 (-0.30,2.30) 0.92 (-0.39,2.23) 0.87 (-0.59,2.34) 1.42 (0.03,2.81) 
Dominican     
M 1 0.86 (-1.10,2.82) 3.38 (1.39,5.37) 1.97 (-0.26,4.20) 2.74 (0.75,4.73) 
M 2 0.94 (-0.94,2.82) 3.39 (1.27,5.51) 2.29 (0.01,4.56) 2.99 (0.89,5.10) 
Mexican     
M 1 0.77 (-0.12,1.67) 0.97 (0.04,1.90) 0.45 (-0.45,1.34) 1.05 (0.05,2.05) 
M 2 0.78 (-0.11,1.67) 1.03 (0.10,1.95) 0.44 (-0.44,1.33) 1.10 (0.09,2.11) 
Puerto Rican     
M 1 -0.68 (-2.04,0.69) -0.68 (-2.06,0.70) -1.05 (-2.49,0.39) -0.24 (-1.69,1.21) 
M 2 -0.81 (-2.21,0.60) -0.89 (-2.22,0.44) -1.16 (-2.57,0.26) -0.21 (-1.58,1.17) 
Central Am     
M 1 -0.60 (-1.85,0.66) 0.55 (-1.22,2.32) -0.68 (-2.37,1.01) -0.35 (-1.75,1.05) 
M 2 -0.98 (-2.26,0.31) 0.30 (-1.57,2.16) -0.92 (-2.56,0.72) -0.79 (-2.20,0.63) 
South Am     
M 1 -1.30 (-3.01,0.41) 0.31 (-1.49,2.12) 1.91 (-0.14,3.95) -0.33 (-1.96,1.31) 
M 2 -1.14 (-2.75,0.48) 0.48 (-1.28,2.23) 2.24 (0.05,4.44) -0.13 (-1.82,1.55) 
Traditional     
Cuban     
M 1 1.08 (0.04,2.12) 0.70 (-0.28,1.68) 0.42 (-1.04,1.88) 2.12 (0.79,3.45)* 
M 2 1.02 (-0.08,2.13) 0.63 (-0.33,1.58) 0.57 (-1.05,2.18) 2.21 (0.91,3.51)* 
Dominican     
M 1 2.98 (1.24,4.73) 2.19 (0.20,4.17) 2.31 (0.19,4.42) 2.04 (-0.16,4.24) 
M 2 2.74 (0.88,4.61) 2.08 (0.20,3.96) 2.32 (0.15,4.49) 2.05 (0.03,4.07) 
Mexican     
M 1 0.09 (-0.84,1.03) 0.26 (-0.60,1.12) -0.02 (-0.96,0.92) 0.22 (-0.67,1.10) 
M 2 0.00 (-0.95,0.94) 0.33 (-0.51,1.16) 0.01 (-0.89,0.92) 0.19 (-0.67,1.06) 
Puerto Rican     
M 1 -0.05 (-1.18,1.09) -1.41 (-2.71,-0.11) -0.77 (-2.07,0.52) 1.13 (-0.18,2.43) 
M 2 -0.10 (-1.16,0.96) -1.46 (-2.75,-0.16) -0.74 (-2.08,0.61) 0.89 (-0.37,2.14) 
Central Am     
M 1 1.61 (-0.00,3.23) 1.09 (-0.76,2.94) 0.56 (-1.33,2.45) 0.76 (-1.05,2.57) 
M 2 2.00 (0.36,3.65) 1.52 (-0.26,3.31) 1.04 (-0.86,2.93) 1.13 (-0.67,2.93) 
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Supplemental Table 5.2A (CONTINUED) 
Likelihood estimates (log-odds) are from multinomial logistic regression models estimating the likelihood of 
having worsened and unchanged (versus improved) insulin over time comparing by quintiles (Q1, referent) of 
each DP at baseline in each of the following Hispanic/Latino heritage groups: Cuban (n=1,177), Dominican 
(n=681), Mexican (n=3,552), Puerto Rican (n=1,068), Central American (n=877), South American (n=620). All 
models were survey weighted. Ptrend values were calculated by including the midpoint of each quintile of each 
dietary pattern as a continuous variable (score units). * Ptrend<0.05, **Ptrend<0.01 
Model 1 (M1) adjusted for age (years), sex (male, female), elapsed time between baseline and follow-up (years) 
and the following baseline covariates: self-reported highest education achieved (<high school (HS), 
HS/equivalent, >HS), nativity (US-born (US states only), foreign-born), energy intake (kcals/d), and self-
reported physical activity level (low, moderate/vigorous) based on days and total metabolic equivalents (METs, 
min/d) for moderate and vigorous physical activity assessed using a modified Global Physical Activity 
Questionnaire (GPAQ), which asks about activity and inactivity (i.e. sedentary behavior) in several life domains 
(work, travel, leisure) 
Model 2 (M2): Model 1 + body mass index classification (<25, 25,29, >30) 
  
Dietary Patterns 
Quintile 2 Quintile 3 Quintile 4 Quintile 5 
" (95% CI) " (95% CI) " (95% CI) " (95% CI) 
Fish & Whole Grains     
Cuban      
M 1 -0.75 (-1.99,0.49) -1.92 (-3.03,-0.80) 0.69 (-0.81,2.18) -0.05 (-1.37,1.27) 
M 2 -0.83 (-2.01,0.35) -2.13 (-3.22,-1.03) 0.57 (-0.89,2.03) 0.06 (-1.27,1.40) 
Mexican     
M 1 0.18 (-0.56,0.92) -0.07 (-0.87,0.73) 0.16 (-0.54,0.87) 0.39 (-0.56,1.34) 
M 2 0.09 (-0.63,0.82) -0.03 (-0.85,0.79) 0.11 (-0.64,0.85) 0.45 (-0.46,1.37) 
Puerto Rican     
M 1 0.01 (-1.31,1.34) 0.85 (-0.42,2.12) -0.21 (-1.74,1.32) 0.39 (-0.85,1.63) 
M 2 -0.29 (-1.54,0.97) 0.71 (-0.62,2.05) -0.22 (-1.70,1.25) 0.45 (-0.83,1.74) 
South Am     
M 1 -0.22 (-2.09,1.66) 0.28 (-1.83,2.40) -0.03 (-1.83,1.76) 0.65 (-1.44,2.74) 
M 2 -0.40 (-2.24,1.45) 0.50 (-1.56,2.57) 0.05 (-1.57,1.67) 0.20 (-2.02,2.42) 
Cheese     
Cuban     
M 1 1.14 (0.12,2.17) 0.42 (-0.89,1.74) 0.07 (-1.01,1.14) 0.62 (-0.46,1.70) 
M 2 1.11 (0.06,2.15) 0.28 (-0.98,1.54) 0.08 (-0.90,1.05) 0.59 (-0.46,1.63) 
South Am     
M 1 -0.14 (-2.06,1.77) -0.08 (-2.06,1.90) -2.12 (-3.97,-0.27) -2.46 (-4.87,-0.04)** 
M 2 -0.08 (-1.87,1.72) -0.05 (-1.99,1.90) -2.01 (-3.74,-0.27) -2.68 (-5.03,-0.32**) 
Stew     
Puerto Rican     
M 1 -1.02 (-2.36,0.33) -1.39 (-2.71,-0.06) -1.45 (-2.82,-0.08) -1.67 (-3.15,-0.20)* 
M 2 -1.19 (-2.41,0.03) -1.62 (-2.93,-0.32) -1.52 (-2.85,-0.19) -1.90 (-3.31,-0.48)* 
Central Am     
M 1 1.16 (-0.28,2.60) -0.77 (-2.46,0.93) -0.05 (-1.66,1.56) 0.14 (-2.32,2.59) 
M 2 1.21 (-0.32,2.73) -0.46 (-2.23,1.30) 0.46 (-1.10,2.03) 0.37 (-2.10,2.83) 
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Supplemental Table 5.2B. Likelihood estimates (log-odds) of unchanged fasting insulin levels 
(versus improved) by quintiles of common dietary patterns in each Hispanic/Latino heritage 




































Quintile 2 Quintile 3 Quintile 4 Quintile 5 
" (95% CI) " (95% CI) " (95% CI) " (95% CI) 
Western     
Cuban     
M 1 0.67 (-0.37,1.70) 0.24 (-0.79,1.27) -0.03 (-1.15,1.09) 0.60 (-0.59,1.80) 
M 2 0.57 (-0.49,1.63) 0.18 (-0.81,1.16) 0.01 (-1.17,1.19) 0.62 (-0.47,1.71) 
Dominican     
M 1 -0.13 (-1.49,1.23) 1.14 (-0.29,2.57) 0.82 (-0.74,2.39) 0.32 (-1.07,1.71) 
M 2 -0.09 (-1.32,1.14) 1.30 (-0.17,2.77) 1.10 (-0.56,2.77) 0.67 (-0.87,2.20) 
Mexican     
M 1 -0.25 (-0.96,0.46) -0.05 (-0.83,0.73) -0.04 (-0.75,0.68) 0.00 (-0.75,0.75) 
M 2 -0.15 (-0.85,0.54) 0.12 (-0.66,0.89) 0.00 (-0.69,0.69) 0.15 (-0.58,0.88) 
Puerto Rican     
M 1 -0.06 (-1.02,0.90) 0.16 (-0.94,1.25) -0.13 (-1.19,0.92) 0.10 (-0.99,1.18) 
M 2 0.11 (-0.91,1.14) 0.14 (-0.87,1.15) -0.08 (-1.14,0.97) 0.44 (-0.61,1.48) 
Central Am     
M 1 -0.67 (-1.82,0.47) 0.36 (-1.05,1.78) -1.47 (-2.67,-0.27) -0.69 (-2.00,0.62) 
M 2 -1.01 (-2.19,0.17) 0.36 (-1.08,1.80) -1.53 (-2.83,-0.23) -0.80 (-2.17,0.57) 
South Am     
M 1 0.41 (-0.91,1.74) 0.72 (-0.75,2.19) 3.12 (1.25,4.98) 0.24 (-0.84,1.32) 
M 2 0.58 (-0.82,1.98) 1.03 (-0.42,2.49) 3.35 (1.24,5.46) 0.36 (-0.76,1.47) 
Traditional     
Cuban     
M 1 0.56 (-0.28,1.41) 0.50 (-0.30,1.30) 0.90 (0.06,1.74) 0.88 (-0.05,1.80) 
M 2 0.62 (-0.22,1.46) 0.46 (-0.29,1.21) 1.06 (0.08,2.05) 1.07 (0.20,1.93) 
Dominican     
M 1 1.11 (-0.04,2.26) 0.78 (-0.40,1.96) 1.45 (0.11,2.80) 0.81 (-0.66,2.28) 
M 2 1.11 (-0.26,2.48) 0.88 (-0.36,2.13) 1.36 (0.01,2.71) 0.86 (-0.44,2.16) 
Mexican     
M 1 -0.37 (-1.11,0.36) -0.32 (-0.88,0.24) -0.41 (-1.15,0.32) -0.50 (-1.15,0.15) 
M 2 -0.42 (-1.21,0.37) -0.18 (-0.78,0.42) -0.30 (-1.01,0.40) -0.45 (-1.08,0.17) 
Puerto Rican     
M 1 0.43 (-0.49,1.34) -0.17 (-1.07,0.73) 0.31 (-0.55,1.17) 0.85 (-0.05,1.74) 
M 2 0.49 (-0.37,1.34) -0.11 (-1.00,0.79) 0.37 (-0.52,1.26) 0.49 (-0.46,1.43) 
Central Am     
M 1 0.57 (-0.64,1.77) 0.23 (-1.37,1.84) -0.24 (-1.74,1.26) 0.54 (-1.09,2.17) 
M 2 0.73 (-0.56,2.02) 0.44 (-1.11,1.99) -0.18 (-1.80,1.44) 0.78 (-0.86,2.42) 
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Supplemental Table 5.2B (CONTINUED) 
Likelihood estimates (log-odds) are from multinomial logistic regression models estimating the likelihood of 
having worsened and unchanged (versus improved) insulin over time comparing by quintiles (Q1, referent) of 
each DP at baseline in each of the following Hispanic/Latino heritage groups: Cuban (n=1,177), Dominican 
(n=681), Mexican (n=3,552), Puerto Rican (n=1,068), Central American (n=877), South American (n=620). 
All models were survey weighted. Ptrend values were calculated by including the midpoint of each quintile of 
each dietary pattern as a continuous variable (score units). * Ptrend<0.05, **Ptrend<0.01 
Model 1 (M1) adjusted for age (years), sex (male, female), elapsed time between baseline and follow-up (years) 
and the following baseline covariates: self-reported highest education achieved (<high school (HS), 
HS/equivalent, >HS), nativity (US-born (US states only), foreign-born), energy intake (kcals/d), and self-
reported physical activity level (low, moderate/vigorous) based on days and total metabolic equivalents (METs, 
min/d) for moderate and vigorous physical activity assessed using a modified Global Physical Activity 
Questionnaire (GPAQ), which asks about activity and inactivity (i.e. sedentary behavior) in several life domains 
(work, travel, leisure) 
Model 2 (M2): Model 1 + body mass index classification (<25, 25,29, >30) 
 
Dietary Patterns 
Quintile 2 Quintile 3 Quintile 4 Quintile 5 
" (95% CI) " (95% CI) " (95% CI) " (95% CI) 
Fish & Whole Grains     
Cuban      
M 1 -0.13 (-1.16,0.90) -0.26 (-0.96,0.43) 1.09 (-0.09,2.26) 0.80 (-0.10,1.71) 
M 2 -0.26 (-1.29,0.77) -0.50 (-1.19,0.19) 0.81 (-0.37,1.98) 0.86 (-0.03,1.76) 
Mexican     
M 1 0.00 (-0.62,0.63) 0.07 (-0.56,0.69) -0.17 (-0.79,0.45) 0.38 (-0.32,1.09) 
M 2 -0.09 (-0.70,0.52) -0.02 (-0.67,0.64) -0.24 (-0.92,0.44) 0.39 (-0.32,1.11) 
Puerto Rican     
M 1 -0.49 (-1.43,0.45) 0.27 (-0.63,1.17) 0.19 (-0.91,1.29) -0.15 (-1.11,0.81) 
M 2 -0.82 (-1.72,0.08) 0.01 (-0.91,0.92) 0.33 (-0.74,1.40) 0.05 (-0.92,1.03) 
South Am     
M 1 0.26 (-1.14,1.65) 1.16 (-0.49,2.82) 0.50 (-0.98,1.99) 0.73 (-0.77,2.23) 
M 2 -0.28 (-1.73,1.16) 1.23 (-0.44,2.90) 0.41 (-0.83,1.65) 0.34 (-1.19,1.87) 
Cheese     
Cuban     
M 1 1.05 (0.21,1.88) 0.48 (-0.54,1.51) -0.29 (-1.16,0.59) 0.57 (-0.27,1.42) 
M 2 1.25 (0.39,2.10) 0.36 (-0.64,1.37) -0.16 (-1.00,0.68) 0.64 (-0.40,1.67) 
South Am     
M 1 -0.13 (-1.65,1.39) 0.27 (-1.27,1.82) -1.38 (-2.94,0.18) -0.78 (-2.57,1.02) 
M 2 -0.33 (-1.76,1.09) 0.00 (-1.52,1.51) -1.71 (-3.20,-0.22) -1.31 (-2.99,0.38)* 
Stew     
Puerto Rican     
M 1 -1.21 (-2.21,-0.21) -0.78 (-1.86,0.31) -0.67 (-1.74,0.40) -0.92 (-2.05,0.21) 
M 2 -1.11 (-2.06,-0.16) -0.96 (-2.04,0.12) -0.68 (-1.75,0.40) -1.03 (-2.09,0.04) 
Central Am     
M 1 0.74 (-0.58,2.07) 0.08 (-1.24,1.40) 0.04 (-1.32,1.40) 0.92 (-0.96,2.80) 
M 2 0.95 (-0.39,2.30) 0.18 (-1.13,1.49) 0.21 (-1.13,1.56) 1.04 (-0.79,2.87) 
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Supplemental Table 5.3. Risk of type 2 diabetes (T2D) by common baseline dietary patterns 
stratified by Hispanic/Latino heritage (n=7,775) 
Dietary Patterns 
Q1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 
Ref OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
Western      
Cuban      
M 1 1.00 -0.31 (-0.89,0.28) -0.38 (-1.02,0.26) -0.04 (-0.63,0.56) -0.31 (-0.95,0.34) 
M 2 1.00 -0.22 (-0.82,0.38) -0.35 (-1.00,0.31) 0.01 (-0.58,0.61) -0.33 (-1.01,0.35) 
Dominican      
M 1 1.00 0.30 (-0.58,1.19) 0.40 (-0.49,1.30) 0.34 (-0.54,1.22) 0.54 (-0.39,1.47) 
M 2 1.00 0.28 (-0.57,1.13) 0.32 (-0.56,1.20) 0.28 (-0.62,1.17) 0.34 (-0.61,1.28) 
Mexican      
M 1 1.00 -0.13 (-0.55,0.30) 0.26 (-0.21,0.73) 0.25 (-0.19,0.69) 0.13 (-0.34,0.61) 
M 2 1.00 -0.15 (-0.59,0.29) 0.20 (-0.28,0.69) 0.27 (-0.18,0.72) 0.09 (-0.39,0.57) 
Puerto Rican      
M 1 1.00 0.49 (-0.10,1.08) 0.20 (-0.40,0.80) 0.86 (0.17,1.55) 1.10 (0.41,1.79) 
M 2 1.00 0.45 (-0.15,1.04) 0.24 (-0.38,0.85) 0.88 (0.19,1.58) 1.04 (0.34,1.74) 
Central Am      
M 1 1.00 -0.19 (-1.01,0.63) 0.38 (-0.56,1.31) 0.52 (-0.54,1.59) 0.66 (-0.48,1.80) 
M 2 1.00 -0.22 (-1.02,0.58) 0.15 (-0.86,1.17) 0.37 (-0.79,1.54) 0.52 (-0.69,1.73) 
South Am      
M 1 1.00 0.38 (-0.58,1.34) -0.06 (-0.92,0.80) -0.69 (-1.78,0.41) -0.37 (-1.43,0.69) 
M 2 1.00 0.42 (-0.60,1.44) -0.08 (-0.98,0.82) -0.63 (-1.76,0.51) -0.40 (-1.50,0.70) 
Traditional      
Cuban      
M 1 1.00 0.15 (-0.48,0.77) 0.12 (-0.69,0.93) 0.51 (-0.14,1.16) 0.52 (-0.15,1.20) 
M 2 1.00 0.08 (-0.58,0.73) 0.09 (-0.71,0.88) 0.53 (-0.13,1.19) 0.45 (-0.24,1.15) 
Dominican      
M 1 1.00 0.39 (-0.53,1.31) 0.47 (-0.61,1.56) 0.24 (-0.84,1.31) 0.54 (-0.44,1.52) 
M 2 1.00 0.64 (-0.22,1.51) 0.59 (-0.48,1.65) 0.41 (-0.64,1.46) 0.73 (-0.22,1.69) 
Mexican      
M 1 1.00 0.16 (-0.32,0.65) 0.28 (-0.25,0.82) 0.19 (-0.25,0.64) 0.19 (-0.33,0.70) 
M 2 1.00 0.13 (-0.36,0.62) 0.22 (-0.34,0.77) 0.11 (-0.33,0.55) 0.09 (-0.43,0.61) 
Puerto Rican      
M 1 1.00 -0.96 (-1.65,-0.27) 0.20 (-0.45,0.84) -0.31 (-1.01,0.39) -0.45 (-1.17,0.27) 
M 2 1.00 -0.96 (-1.66,-0.26) 0.16 (-0.49,0.81) -0.30 (-1.02,0.41) -0.42 (-1.15,0.32) 
Central Am      
M 1 1.00 0.22 (-0.80,1.24) -0.02 (-0.97,0.92) 1.10 (-0.04,2.25) 1.25 (-0.09,2.58) 
M 2 1.00 0.34 (-0.80,1.48) -0.05 (-1.02,0.91) 1.41 (0.18,2.63) 1.48 (0.06,2.90) 
Fish & Whole Grains      
Cuban       
M 1 1.00 0.00 (-0.76,0.76) 0.95 (0.20,1.70) 0.41 (-0.29,1.11) 0.43 (-0.49,1.34) 
M 2 1.00 0.00 (-0.78,0.77) 0.95 (0.22,1.68) 0.44 (-0.26,1.13) 0.37 (-0.54,1.28) 
Mexican      
M 1 1.00 -0.21 (-0.65,0.24) -0.19 (-0.62,0.25) 0.20 (-0.23,0.62) -0.21 (-0.66,0.24) 
M 2 1.00 -0.18 (-0.62,0.27) -0.12 (-0.55,0.32) 0.22 (-0.21,0.65) -0.14 (-0.60,0.33) 
Puerto Rican      
M 1 1.00 -0.30 (-1.02,0.42) -0.55 (-1.18,0.07) -0.40 (-1.03,0.24) -0.40 (-1.11,0.32) 
M 2 1.00 -0.32 (-1.06,0.43) -0.52 (-1.15,0.10) -0.45 (-1.08,0.19) -0.44 (-1.15,0.27) 
South Am      
M 1 1.00 -0.88 (-1.91,0.15) -0.33 (-1.41,0.75) -0.27 (-1.34,0.81) -0.68 (-1.72,0.35) 
M 2 1.00 -0.69 (-1.71,0.33) -0.27 (-1.36,0.82) -0.07 (-1.14,1.00) -0.51 (-1.51,0.49) 
Cheese       
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Cuban      
M 1 1.00 -0.32 (-1.08,0.43) -0.33 (-1.06,0.40) -0.13 (-0.88,0.61) -0.76 (-1.49,-0.04) 
M 2 1.00 -0.36 (-1.14,0.42) -0.32 (-1.08,0.43) -0.23 (-0.99,0.53) -0.81 (-1.58,-0.04) 
South Am      
M 1 1.00 0.26 (-0.90,1.41) 0.32 (-0.89,1.53) 0.54 (-0.49,1.56) 0.09 (-1.10,1.29) 
M 2 1.00 0.33 (-0.86,1.53) 0.46 (-0.79,1.72) 0.61 (-0.43,1.65) 0.13 (-1.06,1.33) 
Stew      
Puerto Rican      
M 1 1.00 0.53 (-0.18,1.24) -0.23 (-0.94,0.47) -0.34 (-1.05,0.36) -0.02 (-0.67,0.63) 
M 2 1.00 0.43 (-0.30,1.16) -0.24 (-0.96,0.49) -0.41 (-1.12,0.31) -0.03 (-0.69,0.64) 
Central Am      
M 1 1.00 0.57 (-0.33,1.47) 0.74 (-0.20,1.68) 0.48 (-0.71,1.67) 0.41 (-0.93,1.75) 
M 2 1.00 0.55 (-0.35,1.45) 0.98 (-0.02,1.98) 0.80 (-0.52,2.12) 0.55 (-0.93,2.04) 
Estimates are adjusted odds ratios ORs (95% CIs) of having T2D at 6 years by quintiles (Q1 (ref)) of 
common baseline dietary patterns across Hispanic/Latino heritage groups in HCHS/SOL: Cuban (n=1,177), 
Dominican (n=681), Mexican (n=3,552), Puerto Rican (n=1,068), Central American (n=877), South 
American (n=620). All models were survey weighted. 
Model 1 (M1) adjusted for age (years), sex (male, female), elapsed time between baseline and follow-up 
(years) and the following baseline covariates: self-reported highest education achieved (<high school (HS), 
HS/equivalent, >HS), nativity (US-born (US states only), foreign-born), energy intake (kcals/d), and self-
reported physical activity level (low, moderate/vigorous) based on days and total metabolic equivalents 
(METs, min/d) for moderate and vigorous physical activity assessed using a modified Global Physical 
Activity Questionnaire (GPAQ), which asks about activity and inactivity (i.e. sedentary behavior) in several 
life domains (work, travel, leisure) 
Model 2 (M2): Model 1 + body mass index classification (<25, 25-29, >30) 
Ptrend values were calculated by including the midpoint of each quintile of each dietary pattern as a 
continuous variable (score units). * Ptrend<0.05, **Ptrend<0.01 
Western = burger, fries, soft drinks, & pizza; White rice = white rice & red and processed meats (pork, beef, 
or processed meats); Fish & Whole Grains = fish & whole grains; Cheese = cheese, sweets, noodle-based 




Supplemental Table 5.4. Baseline sociodemographics by exclusion criteria used in HCHS/SOL 
Values are means (SD) unless otherwise noted. All analyses were weighted for survey design. Sample sizes are 
unweighted. Analytic Sample (referent) 
Baseline type 2 diabetes (Baseline T2D); Other criteria included missing covariate data and fasting < 8-hrs 





 Exclusion Criteria 
 Lost to Follow-
Up 
Baseline T2D Other Criteria 
 
n=7,775  n=3,913 n=3,420 n=1,307 
Age (y) 41.3 (0.3)  34.9 (0.3)*** 53.8 (0.4)*** 38.2 (0.6)*** 
Sex (F) (%) 0.56  0.45*** 0.55*** 0.54 
US-Born (%) 0.19  0.30*** 0.12*** 0.34*** 
Education status (%)      
< High School (HS) 0.29  0.30 .46*** 0.31 
HS education or equivalent 0.28  0.31* .23*** 0.26 
> HS education 0.42  0.38** .32*** 0.43 
Heritage group (%)      
Cuban 0.21  0.19 0.22 0.14*** 
Dominican 0.09  0.11 0.10 0.10 
Mexican 0.42  0.34*** 0.36*** 0.27*** 
Puerto Rico 0.13  0.18*** 0.20*** 0.18* 
Central American 0.08  0.08 0.07 0.05*** 
South American 0.06  0.05 0.03*** 0.04** 
Alternative Healthy Eating Index (2010) 47.9 (0.2)  45.5 (0.2)*** 50.5 (0.3)*** 45.5 (0.3)*** 
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Supplemental Figure 5.1. Study flow chart 
 
Flow chart of study participants eligible for principal factor analysis in each heritage group in the 
Hispanic/Latino Community Health Survey/Study of Latinos (HCHS/SOL) 
* Estimated energy intake was below or above the sex-corresponding 1st and 99th percentiles in HCHS/SOL or 





Principal Factor Analysis  
Exclusions 
Heritage 
• Mixed/Other or missing (n=590) 
24-hr dietary recalls  
• Any missing/one recall (n=1,103) 
• Implausible/Unreliable (n=664)* 





















Supplemental Figure 5.2. Heritage-specific screeplots from principal factor analyses  
Scree plots displaying derived eigenvalues and factor numbers from each principal factor analysis in each 
Hispanic/Latino heritage group. Horizontal line symbolizes Kaiser criterion for factor retention 
(eigenvalues > 1). Principal factor analysis was performed on a matrix of polychoric correlations between 

























Supplemental Figure 5.3. AHEI scores by quintiles of a posteriori dietary patterns in each Hispanics/Latino 
heritage group in HCHS/SOL without type 2 diabetes at baseline 
Data are mean AHEI scores by a posteriori dietary patterns in each Hispanics/Latino heritage group at baseline 
AHEI scores by quintiles of each a posteriori dietary pattern in each Hispanic/Latino heritage group without type 2 
diabetes at baseline. Weighted mean AHEI-2010 scores and confidence intervals by quintiles (Q1-Q5) of heritage-
specific dietary patterns. All models were adjusted for age (years), sex (male/female), and highest education 
achieved (<high school (HS), HS or equivalent, >HS). Cuban (n=1,177), Dominican (n=681), Mexican (n=3,552), 
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CHAPTER 6: SYNTHESIS 
 
Overview of findings 
In general, this research focused on: 1) evaluating dietary heterogeneity across US 
Hispanics/Latinos of diverse heritage (based on national/cultural origin); 2) assessing dietary 
heterogeneity among Hispanics/Latinos living in the US and those in the country of origin using 
Mexico (as an example) and; 3) evaluating links between heritage-specific diets and change in 
fasting insulin over time and risk of T2D development.  
 We used data from the Hispanic Community Health Survey/Study of Latinos 
(HCHS/SOL), a large population-based prospective cohort study of 16,415 self-identified 
Hispanic/Latino individuals aged 18-74 years at screening from randomly selected households in 
four major US urban centers (Bronx, NY; Miami, FL; Chicago, IL; San Diego, CA) with 
baseline clinic visit (2008-2011), annual follow-up assessments for at least three years, and 
second clinic visit (2014-2017). These visits were clinical examinations for data collection of 
comprehensive biological anthropometrics, blood draw, behavioral, sociodemographics, and 
others. The largest heritage groups represented in HCHS/SOL were those with cultural origins in 
Cuba, Dominican Republic, Puerto Rico, Mexico, Central America, and South America. The 
goals of this study are to identify and describe factors linked to the development of chronic 
health conditions (e.g. cardiovascular disease, T2D, pulmonary diseases) and quantify all-cause 
mortality, fatal and non-fatal CVD and pulmonary disease over time. For this research, we used 
data from all HCHS/SOL participants in the aforementioned major heritage groups. 
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We also used data from the Encuesta Nacional de Salud y Nutrición (ENSANUT) 2012, a 
nationally representative population-based survey carried out between October 2011 and May 
2012, similar to HCHS/SOL Findings from this survey are generalizable to the 
noninstitutionalized, non-pregnant, non-lactating, and non-breastfeeding Mexican population. 
Demographic, health, and general nutrition information was obtained from randomly selected 
households. In a random, nationally representative subsample (n = 10,886; 11% of ENSANUT 
participants), detailed dietary information was collected using a 24HR recall. A second 24HR 
recall was collected in a subsequent random subsample (~9%) of the 10,886 individuals (N = 
981). This sample was further restricted to those aged 18-74 y and not pregnant/lactating. Given 
historical immigration from rural areas of Mexico among foreign-born Mexican-origin 
Hispanics/Latinos, ENSANUT participants living in urban and rural areas of Mexico were 
included. Below, we present brief review of findings for each aim. 
1. Dietary Heterogeneity and Lived Years in the US among Hispanics/Latinos of Diverse Origin 
Our objectives here were to evaluate and compare culturally-meaningful diets across 
heritage groups (Cuban, Dominican, Mexican, Puerto Rican, Central American, and South 
American) to better understand dietary heterogeneity across different Hispanics/Latinos even 
when accounting for culturally-meaningful foods, evaluate relationships between diets in each 
heritage group and a widely used diet quality index to better understand diet “healthfulness” in 
each heritage, and whether overall diets shift in each heritage group with greater lived years in 
the US to better understand whether living longer in the US plays a role in the dietary shifts 
across US Hispanics/Latinos. We began by separately deriving culturally-relevant DPs, which 
include commonly consumed foods in the study population, in each heritage group using 
principal factor analysis and identified 21 heritage-specific DPs contributing to 5 common, 
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overarching DPs characterized by foods with the higher and direction-compatible factor loadings 
in two or more heritage groups. These shared foods formed the following common DPs: burgers, 
fries, and soft drinks DP, or “Burger” for short; a white rice, beans, and pork DP, or “White 
Rice” for short; a fish DP or plainly “Fish”; an egg and cheese DP, or “Egg” for short and; an 
alcohol DP or plainly “Alcohol”. Essentially, we found dietary differences by heritage. 
Next, we evaluated relationships between heritage-specific DPs and AHEI-2010, a diet 
quality index, to better understand diet “healthfulness” of derived DPs. After adjusting for age, 
sex, and education, we found significant inverse associations with AHEI-2010 for all common 
“Burger” DPs, only the “White Rice” DPs in Cubans and Central Americans, and only the 
“Alcohol” DP in Dominicans, while positive associations were found for all “Fish” DPs and only 
the Mexican “White Rice” and Puerto Rican “Egg” common DPs. Lastly, greater time in the US 
was generally associated with higher adherence for a common “Burger” DP and lower adherence 
for a more traditional common “White Rice” DP. Findings were significant for Cuban, Mexican, 
and Puerto Rican “Burger” DPs and the Cuban “White Rice” DP.  
2. Dietary Heterogeneity among Mexican-Origin Hispanics/Latinos in the US and Mexico 
Next, we focused on heterogeneity by examining the diets between Hispanics/Latinos 
living in the US and those in the country of origin by using Mexico as an example. The nutrition 
transition in Mexico has been associated with urbanization and economic growth, both of which 
have been linked to assertive marketing of inexpensive, convenient, and high-calorie foods, 
agricultural subsidies, and wide secular changes in work, lifestyles, and transportation in Mexico. 
Meanwhile in the US, Mexican-origin Hispanics/Latinos are exposed to a highly obesogenic 
environment, characterized by high intakes of highly processed foods and low intakes of 
nonstarchy vegetables, whole fruits, and legumes, and many other exposures known to be 
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detrimental to health (e.g. pollution, inadequate sleep quality and quantity, etc.). However, no 
study has compared the overall diet and structure between Mexican-origin groups living in the US 
and Mexico to better understand how diets in the country of origin compare to those in the US in 
the heritage with the most representation in the US.  
Mexican-origin Hispanics/Latinos in the US and Mexico differed on the composition of 
their diets. Despite these differences, our study identified a common “Corn Tortilla” DP and a 
common “Salad” DP characterized by the highest food intakes shared by both Mexican-origin 
groups, along with two unique US “Fries” and Mexican “Whole Grains” DPs based on either 
nonoverlapping or incompatible highest/lowest food intakes between groups. At the dietary 
component level, the top 5 foods (>10% difference) being consumed among Mexican-origin 
groups in the US versus Mexico were white rice, cereal, flavored drinks, salads, and sandwiches, 
while in Mexico, the top. 5 foods being consumed relative to the US were corn tortilla, fried 
foods, beans, eggs, and meat and vegetable stews. Additionally, dietary differences were also 
found at the dietary component level and in overall DPs, showing significantly higher mean 
scores for the “Corn Tortilla” DP and lower mean scores for the “Fries” DP among both lived 
years in the US categories compared to the US-born after adjusting for relevant 
sociodemographics.  
3. Culturally-relevant A Posteriori Dietary Patterns and Change in Fasting Insulin and Incident 
Type 2 Diabetes across US Hispanics/Latinos of Diverse Origin 
Few studies have evaluated links between dietary patterns and T2D risk and change in 
T2D-homeostatis markers in Hispanics/Latinos and whether differences in diet may explain 
disease patterning observed across different Hispanics/Latinos. Typically, a priori DPs based in 
other populations and nutrient approaches have been typically used to construct DPs in relation 
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to disease, but these approaches do not necessarily reflect culturally-relevant food intake of the 
study population and, as a result, may miss important dietary aspects relevant for T2D and 
associated markers. Using a similar approach to Aim 1, we derive heritage-specific DPs in 
HCHS/SOL participants at baseline using PFA after excluding those diagnosed with T2D given 
previous work in HCHS/SOL showing dietary differences by diabetes status. We identified 19 
heritage-specific DPs contributing to 5 common, overarching DPs characterized by foods with 
the higher and direction-compatible factor loadings in two or more heritage groups. These 
common DPs were characterized by foods with higher factor loadings on: burgers, fries, soft 
drinks, and pizza or a “Burger” DP for short; white rice, red and processed meats (pork, beef, or 
processed meats) or a “White Rice” DP for short; fish and whole grains or a “Fish” DP for short; 
cheese, sweets, noodle-based and fried foods or a “Cheese” DP for short and; meat and vegetable 
stew and corn-based foods or a “Stew” DP for short.  
We then evaluated relationships with change in fasting insulin and incident T2D 
significant associations between baseline DPs and change in fasting insulin and T2D risk 
depending on the heritage group. In general, however, adhering to a common “Burger” or 
“White Rice” DP appeared to generally be associated with unfavorable change in insulin over 
time, showing significant findings for Cuban, Dominican, and Mexican (only “Burger”). While 
following a common “Stew” DP was significantly associated with improved change in insulin 
over time in Puerto Ricans. Similarly, adhering to a common “Burger” or “White Rice” DP was 
associated with greater significantly greater odds of developing T2D by 6 years in Puerto Ricans 
and Central Americans, respectively. In contrast, adhering to a “Cheese” DP was associated with 
lower odds developing T2D by 6 years.  
Limitations and Strengths 
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All three aims had some major strengths in common. For example, the large cohort of US 
Hispanics/Latinos in HCHS/SOL provided adequately large sample sizes for deriving DPs 
separately in each Hispanic/Latino heritage, all of whom uniformly underwent study protocol 
and procedures. This allowed for a more valid comparison across heritage-specific findings. 
Another major strength is the use of two, nonconsecutive 24-hr recalls, which, in comparison to 
food frequency questionnaires, have been shown to explain relatively higher proportion of the 
variance in derived DPs using exploratory factor analysis. Another strength of our approach was 
the derivation of culturally-meaningful DPs (based on commonly consumed foods across 
Hispanics/Latinos) by heritage which may inform dietary interventions targeting this diverse 
population.  
Like strengths, all aims also had some limitations in common.  Our analysis was not able 
to capture episodically consumed foods due to the sole reliance on 24-hr recalls, which may have 
resulted in under- or over-representation of certain foods in findings related to PFA. Secondly, 
measurement error at the level of macro-nutrients such as energy and protein related to 
misreporting of self-reported intake has also been demonstrated in HCHS/SOL which could also 
affected our findings. Thirdly, there were inadequate sample sizes for deriving and evaluating 
DPs in Hispanics/Latinos with different national and cultural origins in Central America (e.g. 
Guatemala, Costa Rica) and South America (e.g. Argentina, Bolivia). Therefore, findings for 
Central- and South-Americans should be interpreted with caution. 
Aim 1 set the exploratory work needed to better understand dietary differences in the 
overall structure of the diet across Hispanic/Latino heritage groups; and how these structures 
differ by lived years in the US in the heritage groups in which they were derived. Additionally, 
24-recalls provided nutrient-specific data that allows derived DPs to be validated against the 
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AHEI-2010, a diet quality index which cannot be calculated without data on certain nutrients and 
reflects our current understanding of an overall “healthy” diet, and has been shown to be 
associated with disease in this multiethnic population. Aim 1 was able to show how living in the 
US may be influencing dietary acculturation (adoption of US-based DPs over more traditional 
DPs) across Hispanics/Latinos and to what extent qualitatively this may be occurring faster in 
some heritage groups.  
Aim 2 provided a more recent snapshot of diets between Hispanics/Latinos in the US and 
the country of origin using Mexico as an example. Although we made food groups between 
country-specific studies more comparable by using binary food consumption variables, we 
cannot completely dismiss the possibility that differences in diet observed between both 
countries is due to methodological differences in study protocols and procedures.  
Aim 3 is the first to simultaneously evaluate associations between heritage-specific DPs  
change in fasting insulin and T2D risk over time in six major heritage groups. That said, because 
DPs in this aim were derived separately in each heritage group, we were limited to a qualitative 
comparison of findings across heritage. Another limitation in our approach was grouping recipes 
and their ingredients together, making it difficult to know which ingredients or combinations 
thereof are mostly responsible for observed effects (e.g. corn-based foods in the common Cuban 
“Cheese” DP). Lastly, because dietary data was collected only at baseline, we could not account 
for changes in diet over time, which could influence insulin and T2D risk.  
Significance and Public Health Impact 
 From the beginning, this work prioritized the public health impact of our findings. For 
example, we took an unorthodox approach to DP analysis by focusing relatively more on  
cultural and behavioral food groups with which to derive DPs in PFA. Whether or not resulting 
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DP were going to explain variation in change in fasting and T2D risk was a gamble given the 
potential bias introduced by not disaggregating foods into groups of similar nutrient profiles. To 
us, forming food groups reflecting real consumption of foods (e.g. sandwich eaten in its entirety) 
and those commonly consumed across and tailored to each heritage group were priorities. 
Dietary adherence, in general, is a major issue in dietary interventions aimed at helping people 
build healthier diets. Identifying DPs that already incorporate foods commonly consumed in the 
population could improve likelihood of dietary adoption and adherence in dietary interventions.  
Future Directions 
 These a posteriori DPs can be applied to other Hispanic/Latino samples as a way to 
replicate findings related to IR and T2D risk. Related to years living in the US, because some 
research already indicates that parts of the diet “worsen” with greater years living in the US 
among Hispanic/Latino, this underscores concern for the health of US Latino immigrants, 
particularly since this population tends to be low-income and lack health insurance. Future 
studies can build on our work by, for example, determining the diet components predominantly 
responsible for the observed effects related to IR status and T2D and evaluating whether DPs 
found among Hispanic/Latino (excluding Hispanic/Latino of Mexican origin) are similar to those 
in other Latin American countries given the globalization and the nutrition transitions occurring 
in those countries. Others would be feasibility trials in which participants are randomly assigned 
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